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PREFACE 

In the preparation of this work the author has endeav; 
3red to produce a book which will serve as a practical 
guide and handbook to all those who at any time have 
occasion to use or operate gasolene engines. It is par- 
ticularly intended for those with little or no knowledge 
of mechanics or engineering, and with this purpose in 
view technical terms and names have been practically 
eUminated from the text and descriptions, and explana- 
i tions have been made as clear and plain as possible and 
I as concise as a full explanation will admit. As tech- 
I nicaUties cannot be entirely avoided in any work dealing 
with machinery, a full glossary of such terms, as applied 
to gasolene motors, has been added to the work, and the 
wader who is without any knowledge whatever of 
inachinists' and engineers^ terms will find in this feature 
a ready reference and explanation. 

Appreciating the value of illustrations as an aid to 
tart description, the author has endeavored to figure 
^h and every part and feature treated in the work; 
^ in order to make the illustrations more plain and 
^derstandable every part or portion not directly related 
to the point under discussion has been eliminated in the 
figures. 

The illustrations are in no sense working drawings, 
but are mainly diagrammatic, and no attempt has been 
made to draw them to accurate scale, while in order 
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8 PREFACE 

to bring out certain features of construction or opera- 
tion such features have been purposely exaggerated. 
This is the case with the tapered shafts on page '96, 
as weU as with the pitch of various screw threads and 
gear teeth. This may be wrong theoretically, but in serv- 
ing its purpose it is good practically, which is exactly 
the reverse of many theories in mechanics and engi- 
neering. 

While volimies might be devoted to enumerating and 
describing all the troubles which might occur in gasolene- 
engine operation, yet the number that are likely to be 
met are comparatively few and are fully covered in the 
alphabetically arranged table of troubles in the work. 

The plain and simple tables of screw threads, pipe 
sizes, etc., will, it is hoped, prove of value, especially to 
those having occasion to replace or order fittings or 
screws. 

The chapter on useful hints and makeshift repairs 
has been compiled from actual experience and each 
has been tried and tested many times in real practice. 

The author sincerely hopes that the work will prove 
as useful and valuable to all his readers as a similar 
work would have been to him in the early years of his 
gasolene-motor experiences. 

May, 1918. 



INTRODUCTION 

The discovery of the Gas Engine marked a new era 
in mechanical progress and its perfection has led to some 
of the most marvellous and important of modern inven- 
tions and achievements. 

Through its use aeroplanes and submarines have 
become possible, and motor vehicles of all kinds depend 
largely upon the gasolene engine for power; while 
motor boats, launches, and power cruisers have placed 
yachting within reach of the man of moderate means, 
whereas a few years ago the use of steam confined this 
pleasure to the wealthy few. 

Useful and important as the gas motor has proved 
for vehicle and marine use, even more valuable are its 
services in stationary form. In factory, home, and farm 
the stationary gasolene engine is in daily use, performing 
steadily and easily the work of many hands at a fraction 
of the cost of the old steam engine. On the farm espe- 
^y has the explosive motor proven its worth, and this 
light, simple, portable power-plant has revolutionized 
farm work in many sections. Labor that was formerly 
slow and irksome is now performed easily, quickly, and 
Pleasurably and the ingenious farmer finds a thousand 
and one uses for his motor. It will separate his cream, 
turn his grindstone, do the wife's washing, and light the 
liome with electricity; and if mounted on a ** tractor" 

9 



10 INTRODUCrriON 

it will plough and harrow the fields, plant and cuIUvi 
the crops, ;ind will mow, thresh, and grind the grain. 

When we consider the manifold uses of the gas eng 
and the number in daily use it seems surprising that 
few owners, operators, or users thoroughly undcrsta 
their engines or their conslniction. operation, or ca 
Many a man who would feel incompetent to operati 
steam engine will undertake to handle a large or co 
pUcated gas engine; and yet, as a matter of fact, I 
latter is by far the more delicate piece of mechanic 
It certainly speaks well for the modern gas motor th 
under the ordinary conditions and in the hands of 
many people absolutely ignorant of the first princip 
of engineering or mechanics, there is so little troul: 
It is no uncommon thing to hear the owner of a gasolt 
engine boast that his motor has run so many miles or 
many hours without missing an explosion. Did \ 
ever hear a steam -engineer boast that his engine had r 
a few hours or a few days without blowing up the boi 
or bursting a cylinder? — and yet there is as much reas 
for one as for the other. If a gas motor is prope 
adjusted and runs smoothly for an hour there is 
earthly reason why it should not continue to run 
days, months, or years, as long as it is fed fuel, lub 
eating oil, and electric current, and ordinary wear a 
tear are attended, to, as in any other piece of machine 

The idea that a gas engine must give trouble, that i 
an obstinate and balky thing, and that it will fail at 
most critical time without cause is pure nonsense. I 
gas engine fails to operate there is some good and si 
cicnt reason; for the modern gas engine is no Ion 
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an experiment, made by guess and by hand, but is a 
thoroughly well made, carefully designed, and well 
tested mechanical device; but like any other machine, 
to operate successfully, it must be given certain con- 
ditions. Nine times out of ten the "balkiness and 
obstinacy" are in the operator and not in the motor, 
and a little common sense and judgment will do far 
more than a lot of swearing, cranking, and hit-or-miss 
adjusting. 

One often sees a man operating a motor, which is 
running smoothly and well, continually loosening a nut 
or screw here and tightening there, or fooling with some 
part or another of his engine. This practice is sure to 
cause trouble and sooner or later the motor skips and 
stops. Being perfectly ignorant of the cause, or of the 
former adjustment of the parts, the operator tries one 
thing after another and eventually either gives up in 
de^'r or by pure luck gets the motor running. In the 
former case a repairman's bill results in blaming the 
motor and gas engines in general, while in the latter case 
our friend flatters himself that he knows all about gas 
engines and thereafter poses as an expert with a fund of 
ready advice to every other user of a motor; and yet, 
should the same trouble arise again, he would be as 
much at a loss as before. This sort of trouble is far 
commoner with marine motors than with those in motor 
vehicles, for in a boat the engine is exposed and within 
easy reach, whereas in the vehicle it cannot be touched 
or meddled with while operating. It is mainly for this 
reason that vehicle motors appear to run more regularly 
and reliably than marine motors. Of course one now and 
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then runs across an old, poorly designed, or worn-out 
engine that will run badly and cannot be depended upon, 
but in most cases a little adjustment here and there, a 
little lubrication, or some other small matter is all that 
is required. During a number of' years' experience in 
handUng and repairing gasolene engmes, the author has 
yet to find a motor which could not be made to nm — 
save in one or two cases where the engine was completely 
worn out and fit only for the junk heap. 

Many books have been written on gas engines and their 
care and operation, but in the majority of cases these 
works are either too technical or are confined to one 
particular class of engines. Others describe and discuss 
oil, kerosene, and producer-gas engines, as well as those 
designed to operate on gasolene, and this is apt to be 
very confusing to the inexperienced, for while, strictly 
speaking, all these are gas engines, yet the individual 
peculiarities of different fuels require certain variations 
in design and operation in the motors and each should be 
made a separate study in itself. The purpose of the 
present work is to furnish all the necessary information 
regarding gasolene engines in simple language free from 
technical terms and as far as possible cover all varia- 
tions, types, and classes of these motors and their 
various parts, accessories, and appliances. In order to 
illustrate the various types of engines and devices cer- 
tain makes with distinctive characters have been used 
as examples, but the author wishes it clearly understood 
that such mention of a certain make of engine or accessory 
does not imply that it is the best or that it is recom- 
mended or endorsed by this work. Such mention merely 
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indicates that the motor or appliance is typical of its 
class and is a well known and standard make. 

As the number of gasolene motors on the market is 
steadily increasing and there are over ten thousand 
manufacturers of explosive engines in the United States 
to-day, it is practically impossible to mention more 
than a very limited portion of the various designs, 
innovations and improvements constantly being made 
in this industry. In all gasolene engines the principle 
is the same, and the care and operation identical, and 
the man who biecomes thoroughly familiar with one 
engbe will have no trouble in mastering any other. 

As technical terms cannot be avoided imder certain 
conditions, such as ordering new parts, making repairs, 
machine-shop work, etc., a glossary of such terms with 
an e]q)lanation of the meaning of each has been added 
to the work as well as an alphabetically arranged table 
^ common troubles and their symptoms and remedies, 
features which the author believes will prove of great 
^ue to all owners, users, or operators of gasolene 
iQOtors. 
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CHAPTER I 

Types of Motors. Operation and Explanation of Two-cycle 

AND Four-cycle Motors 

All gas, gasolene,or oil motors, known collectively as 
Explosive Engines, may be roughly divided into two 
classes or types: the Two-cycle or Two-stroke engines 
and the Four-cycle or Four-stroke engines.* 

While these two types are quite distinct in their con- 
struction and operation, yet the principle in each is the 
same. A charge of gas, gasolene, or oil vapor is drawn 

• 

^^0 the cylinder, is compressed therein by a piston, and 
while under compression is ignited by an electric spark 
or similar device. The force of the exploding gas drives 
<^own the piston which, acting upon a crank, transmits 
the power of the explosion to a revolving shaft and thence 
to the boat, vehicle, or machine requiring the power. 
It will thus be seen that a gas of the highest explosive 

*The author is well aware that certain six-cycle motors have been 

built and used to some extent. In these engines the additional idle 

stroke is utilized to draw a charge of clean air into the cylinder in 

order to more perfectly scavenge the burnt gases. Such motors 

have not come into general use, however, and the ordinary operator 

K not likely to encounter an engine of this type. They are not 

considered of sufficient importance to be worthy of consideration 

ifl the present work. 
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16 GASOLENE ENGINES 

power, an ignition device that can be depended upon, 
and a cylinder that will not leak and lose compression 
axe the most necessary essentials for the proper operation 
of a gas motor. 

The simplest form of gasolene engine is the Two-cycle 
in which the parts may be reduced to a minimum, only 
three moving parts being absolutely essential (Fig. i). 

In this figure the piston A is represented as being at 
the upward limit of its stroke with the space between the 
top of piston and top of cylinder B filled with a charge 
of compressed gas. At this position, or "Firing Stroke,*' 
an electric spark takes place at C and ignites the gas 
which, exploding, drives the piston A downward. At 
the point illustrated in Fig. 2 the opening D in the 
cylinder wall is uncovered by the piston, and the burning 
and practically exhausted gas rushes out through this 
opening and escapes. Almost at the same instant the 
opening E is imcovered and a fresh charge of gas — ^which 
has been contained in the base F — is forced up through 
the opening G to take the place of the exhausted charge 
(Fig. 3). The momentimi of the moving fly-wheel and 
shaft now carries the piston on its upward course, closing 
the openings or "ports" D and E and at the same time 
drawing by suction a fresh charge of gas or gasolene 
vapor into the base through the opening H (Fig. 4). As 
the piston reaches the top of its stroke a spark again 
ignites the compressed charge, the piston is again forced 
down, and the operation repeated over and over again. 
In this motor it will readily be seen that an explosion 
or impulse takes place at every complete revolution of 
the shaft or, in other words, at every two strokes of the 
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Fig. 1. — Operation of Two-cycle Engine 
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Fig. 2.— (JptTalion of Tvvo-,y<-k' Knuiiic 
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Fig. 3. — Operation of Two-cycle Engine 



(See page 16) 
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piston. In order to first start a two-cycle motor in its 

operation a charge of gas or vapor must be drawn into 

the base and forced up to the top of the cylinder and 

compressed there. One complete revolution of the 

shaft is necessary to accomplish this, and this revolving 

a shaft by hand is commonly known as "cranking." 

Unless a motor is out of order or some adjustment is 

^ong one revolution only should suflBlce to start the 

engine, and if it fails to start then further cranking is 

''Jerely a waste of time and strength until the fault is 

corrected. Indeed most motors when properly adjusted 

^1 start by merely rocking the fly-wheel back and forth 

^d. "throwing it up" against compression. In cold 

^Gather, however; motors will often start very hard 

^d at such times "priming" should be resorted to. 

This matter will, however, be fully dealt with in the 

succeeding chapters. 

In Figs. 5 to 8 a section of a four-cycle engine is 

illustrated. In this type of motor the parts are far more 

numerous and the operation more complicated. The 

naotor is shown in Fig. 5 with the piston P at the top 

of stroke or "firing stroke," with a compressed charge 

ready to explode, and with both the valves F/, VE 

dosed. The explosion taking place the piston is fcjrced 

down as in the two-cycle motor already described, and 

tte shaft is turned half a revolution. In its downward 

passage the exhaust valve VE is opened through the 

action of a cam C and gear G connected to the main 

shaft, and the motor then appears as illustrated in Fig. 6. 

The piston now commences its upward stroke, thus 

forcing the biunt gas out through the exhaust valve 
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^hed. The intake valve VI now closes, and as the 
^aust valve VE still remains closed the upward stroke 
"is piston compresses the gas until again ignited by 




Fijj. 6. — Opcraiion of Four-cycle Engii 



the spark (Fig. 8). The operation is then repeated over 
and over. By reference to the figures and the explana- 
tion it will be seen that in this form of motor an explosion 
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takes place at every iwo revolutions of the shaft 
every four strokes of the piston. 
To the uninitiated it would appear that an f 




cyt-lf Engine 



receiving an explosive impulse on every two s 
would naturally be more powerful and would run 

steadily and with less vibration than a motor rec 
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"npulse only on every fourth stroke. In reality 
iie is but little difFerence in the power delivered by a 
'^de or a four-cycle engine; while as a rule steadi- 



^^^^^ 




s and reliability are in favor of the four-cycle motor, 
jfeably the four-cycle motor uses less fuel for the same 
wer than a two-cycle, but even this may be doubted 
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in the case of many of the better classes of two-cycle 
engines. In the four-cycle type the burnt gases have a 
longer opportunity to escape, besides being mechanically 
forced out by the piston itself, and as a result the fresh 
charge of gas is purer and possesses better explosive 
properties and more power. Moreover, the idle stroke 
allows the cylinder more time to cool off while the valve 
action regulates the amount of charge taken into the 
cylinder more accurately than in the fixed opening, or 
port, of the two-cycle type. Each type of motor has its 
devotees who claim all the advantages for their own 
particular type, but it is doubtful if there is any great 
difference as far as actual utility is concerned. Both the 
two- and four-cycle types are used extensively in station- 
ary work, but for light marine work the two-cycle type 
is the most used. For larger boats and where great 
power is desired the four-cycle engines predominate, 
while in automobiles and other motor vehicles four- 
cycle engines are almost universally used. This seems 
to be due to the greater perfection of the four-cycle 
engines rather than to their actual performance as com- 
pared with the two-cycle, for in a few makes of cars the 
latter are employed with very marked success. Although 
the two-cycle is so much simpler in construction and 
operation yet it is harder to design and build a really 
good two-cycle motor than a four-cycle, and usually it 
requires more care and more knowledge to regulate and 
adjust one correctly. This seeming paradox is explained 
by the fact that in a four-cycle motor the timing and 
regulating of the valves may be made to overcome 
many faults in the design or construction of the motor 
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or its parts, whereas in the two-cycle motor every 
measurement must be within very exact limits in order 
for the motor to work at all. In adjusting motors the 
valves again cause the four-cycle to be the simpler, for a 
considerable difference in the amount of air or fuel, 
or even in more important matters, makes but slight 
difference in the apparent working of the motor, whereas 
in the two-cycle type a very slight difference in the pro- 
portions of the fuel causes a marked difference in the 
results obtained. 

It has been claimed by many that the four-cycle is 
more flexible, or, in other words, can be varied in speed 
and power to a greater extent than the two-cycle motor, 
but I am inclined to doubt this. A properly designed 
and constructed two-cycle motor may be run satisfac- 
torily at from one hundred to several thousand revolu- 
tions per minute without trouble, and many of the best 
four-cycle engines fail to run at all regularly when the 
speed is varied suddenly to any extent. 

A very important point that is all too frequently 
overlooked by the owner or user of gasolene motors is the 
"human element."* One man will get splendid results 
from a certain type or make of engine while another 
person will have continual trouble with it and condemn 
it outright. This peculiar adaptability, or *' knack'* as 
it may be called, of some operators with certain engines 
seems remarkable at first sight, but if carefully studied 
will usually prove to be due to the fact that the operator 
has thoroughly learned his engine. No two gasolene 
motors are exactly alike, and no two engines will run 
equally well with exactly the same treatment. This is 
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more often due to surrounding conditions than to the 
motor itself, but nevertheless I have yet to see the 
engine that does not require some *' humoring" and for 
this reason I strongly advise every purchaser or user of a 
gasolene motor to be sure that he has thoroughly mastered 
his motor and learned its ways before deciding that there 
is really anything wrong with the mechanism itself. 

Before deciding on the type or .make of motor suited 
to your particular requirements, study the matter care- 
fully and study the advantages and disadvantages of 
each until thoroughly satisfied that you have selected 
the best motor for your purpose. There are many 
hundreds of motors made, and while practically every 
well-known and reliable firm turns out a good motor 
nowadays, yet some are better than others and each 
make and type possesses certain advantages that fit it 
for particular purposes or conditions. 

Do not expect to get a first-class motor at an absurdly 
low price. It costs money to design and build a good 
engine, and while the large manufacturer, with special 
tools and machinery and every facility for turning out 
motors in large mmibers, can make •a much lower price 
than the man who makes each motor by hand and builds 
only a few at a time, yet if a motor is advertised at a 
very low figure, steer clear of it. As a rule the motors 
made by large firms at a reasonable price are far better 
than those made in small numbers at a high price, for 
in the former*case the parts are interchangeable and new 
pieces may be purchased at a low figure and will always fity 
whereas the small manufacturer seldom turns out parts 
that do not require considerable hand work before they 
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can be made to fit an old motor. Many manufacturers 
depend on overrating their motors to increase sales. 
They will advertise a motor at almost double its actual 
power and sell it at the price others charge for the 
actual power advertised and thus appear to sell a motor 
at a very low price. Usually such motors are extremely 
high-speed, short-lived engines, or else the maker is 
deliberately trying to defraud you. There is no excuse 
for being swindled, however, for it is a simple matter 
to determine the horse-power of any motor. Bore and 
stroke and speed give the power, and while various 
motors may give more or less power according to design 
and workmanship, yet within certain limits the power 
Duiy be readily determined. 

The amount that the explosive gas is compressed 
before ignition also affects the power of the motor, 
as well as the -proper adjustment of fuel, proper lubrica- 
tion, and correct ignition. The power computed from 
these established factors is known as the Indicated 
Borse-power, but the whole of this power is never 
available. A large part is consumed in overcoming the 
friction in the motor itself, and the power remaining 
after this is overcome is called the Delivered Horse-power, 
The proportion of the Delivered Power to the Indicated 
Power is known as the Mechanical Efficiency, and is 
usually expressed in per cent. Thus if the Indicated 
Horse-power of an engine is lo H.P. and the Delivered 
Power is 8 H.P., the Mechanical Efficiency will be 8/10 
or 80 per cent, and the friction load (overcome in oper- 
ating) will equal 10 — 8 or 2 H.P. While the pressure 
of the gas under compression varies considerably, accord- 
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ing to the fuel used and design of engine, yet the pressures 
are so well known and the proper pressure so well 
established that an average of about 70 pounds per squart 
inch may be counted on. With these factors known the 
following formulas may be depended upon to ascerlait) 
with reasonable accuracy the Deh'vered Horse-power of 
any gasolene motor. 

For four-cycle motors: D.H.P. =Diam. of cylinder 
multiplied by itself, times the length of stroke, time:* 
the number of revolutions per minute, divided by 18,000. 
For example, the D.H.P. of a motor with a 3-in. bore, 
3-in. stroke, running 1,000 revolutions per ramute = 
3X3X3X1,000 = 27,000, divided by 18,000 = i_'i D.H.I'. 

For the D,H.P. of a two-cycle motor proceed in the 
same manner, but divide by 13,500. Thus, a two-cycle 
motor with 3-in. bore, j-in. stroke, and operating at 
i.ooo revolutions, would show 3X3X3X1,000=27,000. 
divided by 13,500, or 2 D.H.P. 

Usually motors are tested by some form of pressu:,' 
brake and the D.H.P. thus obtained is called Brake 
Horse- power. Such tests are reliable and accurate. 
but it must be borne in mind that the motors while 
undergoing these factory tests are operated under the 
most favorable conditions and by skilled engineers and 
mechanics; and the same motor that delivers 10 H.P. 
under a factory brake-test may not deliver over 6 H.P. 
when installed and operated by yourself. 

It is far better to have too much power than too little, 
and a few horse-power more or less makes little difference 
in price. All other things considered you should choose 
the motor having the longest stroke and largest diameter 
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and operating at a medium speed. High speed means 
short life, and large bore and short stroke mean high 
speed. Extreme long stroke and small bore, however, 
mean slow speed and additional weight, and an excess 
of either is imdesirable. 

With these remarks on the operation and principle 
of gasolene engines in general, we will now take up the 
matter of the various motors and their parts and acces- 
sories in detail. 
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CHAPTER II 

Two-cycle or Two-stroke Motors 

The two-cycle motor already described and figured 
in the preceding chapter is known as the Two-port motor 
from the fact that there are but two openings, or ports, 
from the cylinder. Another form of two-cycle motor 
in common use is known as the Three-port motor (Fig. 9). 
The operation of this motor is essentially the same as 
the two-port type, but in addition to the two ports 
this motor has a third port or opening, -4, which is closed 
by the piston acting as a sliding valve. On the downward 
stroke of this motor the third port is closed as shown 
in the figure, while the gas in the base is forced up to the 
top of the cylinder through the by-pass B. On the up- ' 
ward stroke the gas is sucked into the cylinder through 
the port ^, as in the two-port type. The only advantage 
of this type of motor over the two-port is that no check 
valve is required in the inlet for fuel at -4. It is usually 
a high-speed engine, and as a partial vacuum is created 
in the base on the upward or suction stroke and a con- 
siderable pressure must be maintained on the downward 
stroke, tight bearings and joints are essential and these, 
especially in a marine engine, are hard to retain for any 
length of time. Many of the more recent types of two- 
cycle engines are constructed so that either a two- or 
three-port system may be used as desired. A very 

successful motor of this design is the Gray Model "T,'' 

32 



THEIR OPERATION, USE, AND CARE 



33 



'rated in Fig. lo. Almost any good three-port 
>r may, however, be transformed to a two-port 




Fig. 9. — Three-port Motor 

le even after its efficiency as a three-port has 
ed. 

my of the best so-called two-port motors are in 
y a sort of combination of the two- and three-port 
3 
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types. Such a motor is illustrated in Fig. 1 1 . In this 
motor the inlet, or fuel, port, instead of being In the base 
as illustrated in Chapter I, is situated in the by-pass S 
midway between the base and the inlet to cylinder C. 




1 



T" Motor 



The operation of this type of motor is precisely the same 
as in the straight two-port, but it possesses many advan- 
tages over either the two- or three-port type. The suc- 
tion created by the piston is greater than in either of the 
other types, while no great pressure is required In the base 
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Fig. II. Twii-thr«:-piiri Motor 
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as in the three-port. The fuel-mixing device is elevatt 
more than in the two-port, which is a distinct advanta] 
in a boat, and the gas or vapor striking on the walls 
the by -pass, instead of on the base of the engine, resu! 
in far better vaporization and consequently betl 
combustion. The walls of the base are usually cold 
nearly so and the mixture of gasolene and air tec 
to cool them off even more ; whereas in the motor unc 
consideration the walls of the by-pass are always wa 
whilf the motor is in operation and the mixture of ga.; 
lene and air striking this warm metal is immediate 
thoroughly vaporized. Many of the motors of this ty 
have an opening in the base into which the fuel inta 
may be screwed. In such cases the operator may i 
his motor as a regular two-port or as a combination 
desired. In many motors of this class very super 
results are obtained by attaching an auxiliary air in 
in the base. This is closed when starting or runni 
slowly, but when running at high speed is gradua 
opened until the best possible results are obtain* 
Such an auxiliary inlet is shown in Fig, 12 (A), and 
known as an "Accelerator." 

Two-cycle motors are also made which possess soi 
of the best features of both the two- and three-p< 
types. An example of this style of engine is the Gras: 
motor illustrated in Fig. 13. This motor has a vaporii 
A, as well as an automatic air valve B, a third port 
and a transfer port D. which acts as the second port 01 
two-port motor. In operation the piston on its upwa 
stroke draws a charge through the vaporizer A into t 
crank case E, until it reaches a point where the thi 
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Fig. 12. — Two- three- port Motor with Accelerator 
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port C is uncovered. This permits the vacuum remaining 

to be displaced by air through the air valve B, As soon 

as the piston starts on its downward stroke the valve in 

A closes and the charge in the base is forced up through 

the transfer port D into the cylinder. This arrangement 

permits of a large, full charge of gas with consequently 

higher compression, more power, and freedom from 

crank-case explosions. In this motor the ports are 

placed in the forward and rear sides of the cylinders: 

by this method the piston and cylinders wear longer 

than if the ports were cut in the sides of the cylinder 

walls as the main thrust of a piston is sideways. 

Still another type of two-cycle engine is so constructed 
ats to admit the charge from the base through a port in 
the piston walls and hence through a by-pass and valve in 
the top of the cylinder. The Smalley engine is of this 
design, and is illustrated in Fig. 14. On the upward 
stroke of the piston a charge of gas is drawn through 
the fuel inlet A into the crank case B. When the piston 
starts downward this vapor is brought under compression 
until the piston reaches the lowest point of its stroke, 
whereupon the port C in the piston comes into line with 
the port D in the cylinder, thus allowing the compressed 
g^ to rush up through the by-pass E and through the 
valve F, into the top of the cylinder. At the commence- 
ment of the upward stroke of the piston the valve F 
closes by the spring G, and the gas held in the top of the 
cylinder is compressed and ignited; the piston is driven 
^own and the exhaust gas passes out through the open- 
"^8 fl, as usual. This motor has several advantages, 
not the least of which is the cooling eflfect on the piston 
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of the fresh charge of cool gas rushing through it 
each stroke. The fresh charge coming directly in ftc 
the head of the cylinder also ser\'es to drive out 




traces of burnt gas and results in a cleaner and be 
charge for firing. The only disadvantage in this enj 
lies in the inlet valve in the cylinder heail. This ve 
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in time will wear and cause loss of compression and will 
require regrinding as often as the valves of a four- 
cycle motor, and to the ordinary operator grinding of 
valves is a bugbear. Moreover, if the valve sticks, or 
the spring breaks, the motor is temporarily put out of 
service, and usually such accidents occur at the most 
mopportime and critical times; a similar engine with 
mechanically operated valve might be more satisfactory. 
Several good motors of the two-cycle type are now 
constructed with an open base, or, in other words, 
without the closed crank case usually seen. This style 
of motor has many advantages over a closed-base engine. 
All the working parts of the crank, shaft, etc., are readily 
accessible for adjusting and oiling, and any danger of 
leakage and loss of compression in the base is obviated. 
A^n. engine of this style of construction, made by the 
I^oivell Engine Co., is shown in Fig. 15. As will be seen 
"y the diagram the piston P is hollow, and below it and 
3.bove the base a compression plate A is placed through 
"^Hich the piston rod slides. Below the compression plate 
^he piston rod is pivoted to the connecting rod 5, at the 
cross-head C, which is a part of the same casting as the 
piston rod itself. On the upward stroke of the piston 
^^ gas is drawn into the space Z), between the piston P 
^nd the compression plate A, through the inlet port £. 
^ the downward stroke the gas is forced up through the 
"y~pass F, to the port C, and thence to top of cylinder, 
exactly as in the ordinary two-port motor. After the 
explosion occurs the exhaust gases pass out through the 
port H, This motor possesses stronger compression than 
^ ^ closed-base engine for forcing the charge into the 
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Fig. 15. — Powell Open-base Motor 
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cylinder, with a result that a quicker firing charge is 
obtained and also better scavenging of the burnt gases. 
The carburetor may be placed far lower than the lowest 
level of the cylinder, thus eliminating any danger of 
flooding, while the straight thrust of the piston rod and 
cross-head bearing do away with all side wear on the 
piston and cylinder walls. The cold charge of gas 
inside the piston also helps materially to cool the same, 
while the heat from the piston aids in better vaporization 
of the gas before its transfer to the firing chamber. 
The only objection to this t>'pe of motor is the additional 
height made liecessarj' by the cross-head and connecting 
rod below the cylinder level. In stationary or marine 
use this is no serious objection, but, for vohicle use it 
would necessitate a very high engine hodd or small 
clearance beneath the shaft. 

Several makers of two-port motors have also resorted 
to placing a throttle valve in the by-pass as shown in 
Fig. 1 6 (r), and while the speed and power of a motor 
so equipped may be controlled to some extent by this 
arrangement, yet as a rule I have found them rather 
unsatisfactory. A throttle on the fuel-mixing apparatus 
is far more reliable and easier to adjust. Some motors 
are also manufactured with a fourth, or air, port, and 
wonderful results are claimed for this type of motor. 
Undoubtedly it possesses. many good points, but as a 
rule the fewer ports there are the more reliable the engine. 
To obtain the best results each port must be accurately 
designed and finished, and in a small engine the varia- 
tion of a small fraction of an inch in the size of one or 
^ore ports will make a wonderful diffeteivce \w \?cvr. 




F^. I6,^— Motor with Throttle in By-pass 
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power and operation of the motor. Moreover, the first 
part of a motor that wears loose is generally the piston 
or the connecting rod between the piston and crank 
shaft. As a slight wear here causes the piston to have 
considerable play up and down in the cylinder, it will be 
easily seen that the variation in the amount of opening 
of each port during operation is considerable. With 
every port added this variation, due to looseness, 
increases the resulting variation of the amount of fuel 
admitted to the cylinder, and as the amount of play 
varies quite a littie according to the load of the engine 
and its speed, it is very difficult to adjust a motor thus 
worn. In fact the results from a three- or four-port 
motor with a loose piston or connecting rod are almost 
as great as if the ports were rapidly but unevenly opened 
and closed by hand. Any one can thus readily under- 
stand why a strictiy two-port motor will run more 
satisfactorily when old or badly worn than a three- or 
four-port engine. 

Probably the most reliable and efficient two-cycle 
motor yet produced is the Elmore, which is used in the 
well-known Elmore automobiles. This motor, which is 
illustrated in Fig. 17, is entirely distinct from most other 
two-cycle motors and in its construction and operation 
it overcomes most of the objectionable features of the 
two-cycle engine. The figure is purely diagrammatic 
and represents a section of one of the four cylinders and 
a portion of the base cut away. 

The piston of the Elmore motor diflfers materially from 
that of other motors, inasmuch as the lower half or base 
is much greater in diameter than the pisloiv pxo^^x VJf vs^. 
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17^4). The up-and-down motion of this large half of 
the piston acts as a gas pump and alternately draws in 
gas to fill the lower half of cylinder or base, H, and forces 
it out under considerable pressure. When the slightly 
compressed gas is driven out of the base it does not at 
once find its way up through a by-pass and port into 
the same cylinder as in the ordinary motor, but, through 
the agency of a gas "distributor," is introduced to the 
firing chamber of another cylinder. This "distributor," 
which is the essential portion of the Elmore motor, con- 
sists of a revolving cylinder B almost surrounded by 
another cylinder C. The chambers thus formed are 
provided with long ports running lengthwise; those 
of one chamber opening on one side of the distributor D 
and those of the other chamber opening on the opposite 
side JB. In operation the distributor is revolved within 
its casing by a silent driving chain from the crank shaft, 
each end being supported by spindles and ball bearings. 
In action each lower haK of a cylinder receives gas 
drawn through the outer chamber of the distributor. 
This gas xmder low compression is then returned to the 
inner chamber of the distributor, from which it is led 
into the firing chamber of the cylinder whose piston is 
just commencing the ascending or compression stroke. 
Compression and explosion then follow exactly as in any 
other engine, and the operation is repeated in each 
cylinder in proper order, thus giving four explosions or 
impulses to the crank shaft with cranks set at 90-degree 
angles. 

It must be borne in mind that the chambers of the 
distributor do not extend through its entire length. The 
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inner chamber B is divided at its centre, thus dividing 
the distributor into two equal parts. These two parts 
are connected by means of a by-pass F which is opened 
or closed by the operation of the throttle G, Until the 
throttle is opened half-way the two halves of the dis- 
tributor operate independently, with the result that the 
cylinders work in pairs. When the throttle is half- 
opened the central control automatically opens and 
the power of the motor is then at once increased through 
all four cylinders operating alternately. 

This Elmore motor, although apparently complicated, 
is in reality far simpler and has less parts than the 
ordinary four-cycle engine. Although advertised as a 
"valveless" motor, it is not strictly a valveless engine, 
for the " distributor '' is actually a sort of rotary valve. 
The motor may therefore be considered a rotary-valve 
two-cycle motor. . There is no doubt of the high efficiency 
of this engine, and its design and construction mark a 
great advance in two-cycle engines. The loss of base 
compression, unequal distribution of gas, loss or waste 
of fuel, and various other defects of the ordinary two- 
cycle engine are entirely overcome in the Elmore, and its 
flexibility, power, reliability, and economy of fuel are 
fully equal to many, if not all, six-cylinder, four-cycle 
motors of equal rating. In comparison with four- 
cylinder, four-cycle motors of the ordinary type, the 
Elmore is' far ahead. The trouble and difficulties expe- 
rienced with poppet-valve, four-cycle motors is absent 
in the present motor, but the revolving distributor, 
chains, numerous rotating ports of the distributor, and 
the various other parts must be perfectly timed and 
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iree from any lost motion or undue wear to work satis- 
factorily. These various parts of the rotating mechanism 
render the motor far more complicated than the regular 
two-cycle machine and it is therefore doubtful if this type 
of motor is so well adapted to the ordinary needs of the 
gasolene-engine user as either the regular two- or four- 
cycle engine. As a vehicle motor it is most efficient, 
and for this purpose — for which it was designed — 
the rotary distributor is no objection. For small boat or 
stationary use, however, the simplest engine is the best, 
and motors for this purpose should be selected which 
can be readily repaired, adjusted, or taken down and 
deaned by inexperienced hands. 

Two-cycle motors, as well as those of the four-cycle 
type, are usually made in either one, two, three, four, or 
six cylinders. The operation of a multiple-cylinder, two- 
cycle engine is practically the same as in a single-cylinder, 
but certain parts are slightly different in construction 
and design. In a two-cylinder motor the piston of one 
cylinder is on the downward stroke while that of the 
other is on the upward stroke, or, in other words, the 
cranks of the shaft are set opposite one another or at an 
angle of i8o degrees (Fig. i8). In a three-cyUnder 
motor the cranks are set at 120 degrees (Fig. 19), while 
hi a four-cylinder motor the cranks may be set at 90 
degrees (Fig. 20^4), or at 180 degrees as shown in Fig; 

Three-cylinder motors have some advantages over the 

two- or four-cylinder machines, but they are more 

^cult to time correctly and either two- or four-cylinder 

^gines are mere widely used. ^ 
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A multiple-cylinder motor will not deliver as much 
power in proportion as the same number of cylinders in 
septarate motors, but on the other hand they run far 
more steadily and with less vibration than the single- 
cylinder engine. Moreover, they are easier to control 
and if one or more cylinders fail to work the engine will 




Fig. 21. — Cylinders en bloc 



usually operate on the remainder, and while in action 
the faulty cylinders may be adjusted until all are in 
running order. Few multiple-cylinder engines will carry 
a>full load when any of the cyhnders fail; and as a rule 
such engines, as well as all but the smaller single- 
cylinder motors, should be provided with a clutch, or 
gear, so that they can be run free from a load when so 
desired. 

Multiple-cylinder, motors have numerous disadvaii- 
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tages, especially for the person unfamiliar with explosivi 
engines or other machinery; their parts are far raori 
numerous than in the single-cylinder motor; they an 
harder to "crank" or turn over, and if any adjustmn 
or regulation is wrong it is far more difficult to local 
the trouble. In case of a serious trouble or brealugi 




Separate Cylinders on Solid Baae 



a multiple-cylinder motor is more difficult to take dow 
than an engine of one cylinder, and in many makes t\ 
entire machine must be taken apart in order to reach 
break or injury in any one of the cylinders or its part 
Multiple-cylinder engines of the two-cycle type a 
made either "en bloc" with the several cylinders in oi 
casting (Fig. 21), or arc built up of several separa 
cylinders bolted to a single bed plate or base (Fig. 22 
Each of these systems has its advantages, for while tl 
solid casting results in a more compact and strong 
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engme, the built-up motor is easier to take apart and 
repair. 

For vehicle use and marine work, where considerable 
power is required, multiple-cylinder motors are almost 
universally used, but for stationary work, except where 
great power is necessary, single-cylinder engines give 
satisfactory results. 

In estimating the power of motors with several cyl- 
inders the formulas already given may be used, but the 
square of the bore times the length of stroke should be 
multiplied by the niunber of cylinders before multiplying 
by the number of revolutions; for example, to find the 
D.H.P. of a three-cylinder motor of 4-in. bore and 4-in. 
stroke operating at. 500 revolutions per minute : 4X4X4 
X3X SCO =96,000 divided by 13,500 = 7>^ D.H.P. It 
must be borne in mind that these figures are merely 
proximate. The only method for determining the 
^3^/ power of an engine is by actual test, but the use 
of formulae helps a great deal in selecting a motor, as it 
gives the prospective purchaser, or user, a reasonable 
idea of the power he may expect a motor to deliver under 
normal conditions when operating at the number of 
Solutions indicated. 



CHAPTER III 

Four-cycle Motors 

To a person familiar with two-cycle motors the four- 
cycle engines appear extremely complicated at first. 
With the number of moving parts reduced to the mini- 
mum in the former, their operation and care seem easy 
and their mechanical construction and principle very 
simple. In the four-cycle motors the parts are greatly 
increased in number while the moving push rods, cams, 
gears, and springs make the engine appear a most bewil- 
dering piece of mechanism. This apparent complication 
has done much to prevent the adoption of four-cycle 
motors for light marine and stationary work, for many 
people seem to think a skilled engineer is necessary to 
operate one of these motors. In reality a four-cycle 
engine is very simple if we study it properly, and its 
care and operation are almost, if not quite, as easy 
as those of a two-cycle. 

In fact, a good four-cycle engine requires less personal 

attention and can be handled more readily when at a 

distance or out of reach than a two-cycle, as is evident 

from the facility with which automobile motors are 

started, stopped, and handled from the driver's seat 

while the motor is completely out of sight and reach. 

Four-cycle motors are made in any number of cylinders 

from one to eight or more; but as the mechanism and 

operation are identical in each cylinder, a single-cylinder 
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machine once understood will render any multiple- 
cylinder motor intelligible. 

Four-cycle motors, like the two-cycle engines, consist 
of a cylinder, piston, base or crank case, connecting rod, 
shaft, and fly-wheel. In addition to these common 
parts it also has a number of other moving pieces whose 
fimction is to operate the valves. These parts are known 
collectively as the valve mechanism, 
and as they seldom require atten- 
tion their complicity need cause no 
worry. As in two-cycle motors, 
there are various styles and vari- 
ations in four-cycle types. The 
commonest form in use is known 
as the poppet-valve or mushroom- 
talve engine. In this motor the 
valves for the inlet of the vapor 
charge and for the outlet of the ex- 
haust are mushroom-shaped, con- 
sisting of a roimded or flat disk- 
like head attached to a cylindrical ^'^' ^s.-Tappet Valve 
shaft or spindle called the valve- 
stem (Fig. 23). Nine-tenths of the four-cycle motors 
in use to-day employ this style of valves, and their 
variation consists mainly in the method employed to 
operate the valves or in the location of the valves in 
the cylinder casting. As the valves operate but once for 
each complete revolution of the crank, it is necessary 
to attach the valve mechanism to some form of gear with 
a ratio of two to one, or, in other words, to so reduce 
the speed of the shaft operating the valves that it makes 
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but one revolution to every two revolutions of the 
shaft. 

This may be accomplished by cither cog-' 
worm-gear, or sprocket-wheels and chain. Prai 
every fiirm of gear is used by the various makers ) 
cycle engines, but the worm- or screw-gear, or th 
wheels with slanting teeth known as the "heUcal 
are the most satisfactory and are now generaO] 




Fig. 24.— Valve MivhaiiiMii. 



In the earlier designs, as well as in many modern r 
plain cog-wheels or spur-gears are used, Thesi 
very well, but wear faster and arc far more nois 
the screw, or helical, forms. In Fig. 24 the valve 
nism of a motor using the spur-gear is shown. 
illustration, T represents the cog-wheel attached 
engine shaft, and S a gear of twice the size of T, at 
to a separate shaft. Keyed to this shaft is a c 
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urns against the roller Q pivoted in the push- 
As the engine shaft revolves in the direction 
d by the arrows, the wheel S revolves at half 
d and in the opposite direction. When the cam 
against the push-rod P, it pushes it outward 
the bell crank O. This in turn presses the 
em L upward and lifts the outlet valve H from 
/, thus allowing the burnt gas to escape. The 
If, acting against the valve foot N, serves to 
e valve firmly on its seat and to cause the push- 
"ollow back against the cam. In this motor it 
«en that the inlet valve E is not connected with 
/e gear or other mechanism, but is provided with 
C, which serves to keep it firmly seated. This is 
is an autamaiicaUy operated valve, while the outlet 
; a mechanically operated valve. Many motors 
t in this way, for the suction of the piston on the 
troke is sufficient to act on the inlet valve and 
to open long enough to admit the proper charge 

>ugh several excellent motors utilize this sys- 
t they have many disadvantages. The springs 
se their strength and liveliness, causing the 
) open slowly or unevenly, or else to open too 
and seat too lightly. In one case the charge 
d is insufficient, while in the other case the com- 
gases are liable to escape backward into the 
1 cause loss of power and back-firing. Moreover, 
of a leakage around the piston, or in the firing 
r, the suction of the piston may prove unequal 
isk of opening the inlet valve far enough or long 
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enough to admit a full charge. It is far better to apaat 

both inlet and outtu-t valves by mechanical means » 
illustrated in Fig. 25, in which the exhaust valve ii 




I 



actuated by the push-rod and cam A, attached to tl 
cam-shaft 5, and the inlet valve VI is also operated \ 
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push-rod D through the cam £, on the same 
,h the exhaust-cam, but set at an angle with it. 
method there is no chance of the inlet valve 
on its seat or failing to seat and if the cams 
s are set properly a uniform and correct charge 
lys be admitted to the cylinder at exactly the 




Fig. 26.— "I/'-head Cylinder 

le. This is a very common and widely used 
our-cycle motor. The exterior form is shown in 
It is known as the T-Jiead or L-liead t>Tpe from 
)e of the cylinder and valve chamber. More 
:ill is the valve-in-head type in which the two 
re located in the head of the cylinder instead 
)ffset, or separate, chamber. This type (Fig. 27) 
y advantages over the T-head type, and is now 
' acknowledged to be far more effective and 
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economical. Tin; two valves being set in the cylinder 
head allows the interior to be machined smooth and 
free from corners, or pockets, where burnt gas might 
' accumulate. The incoming charge also serves to thor- 
oughly lill the chamber and the outgoing exhausted gtt 
is more thoroughly discharged. The cylinder head aod 




Valves in Head 



valve seats, as well as the piston head, are also greatlj 
cooled by the fresh charges of gas, while the arrangemen 
of the valves allows the greatest cubical capacity of tji— 
cylinder with the least area of surface. Most of th* 
various makes of poppet-valve motors vary principally iff 
the valve mechanism, style of gear, and other mino 
details; but motors with rotary and sliding valves hav- 
now come into use and in their perfected state giv* 
results equal to, or even better than, the best poppets 
valve engines. 
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The Knight Sleeve Valve motor is a comparatively 
recent invention, but has won its way rapidly to pop- 
ularity and* success by its remarkable performances 
in several well-known makes of automobiles. In this 
engine, which is shown in Fig. 28, the piston is surrounded 
by two cylindrical sleeves, or tubes, one within the other 
and both between the piston itself and the walls of the 
cylinder proper. The diagram (Fig. 28) shows a section 
cut away to show the piston P, the inner sleeve 5, and 
the outer sleeve O, while C represents the cylinder walls. 
The two sleeves are connected with connecting rods and 
eccentrics to the gear shaft, as illustrated in Fig. 29, in 
which P represents the piston, 5 the inner sleeve, O the 
outer sleeve, C the cylinder, A and B the connecting rods 
to the two sleeves, and D the eccentric attached to the 
gear shaft E. The gear is in the form of a sprocket-wheel 
E connected with the main shaft by a roller chain F. 
In the sleeves are openings, or ports, G, H, which are 
alternately brought opposite the exhaust and inlet 
ports in the cylinder, /, /. In operation the sleeve O, 
sliding past the sleeve 5, brings the ports G, H opposite 
one another as well as in line with the inlet port /. This 
occurs on the downward stroke of the piston and the 
charge of gas is thus drawn into the cylinder as in Fig. 30. 
On the upward or compression stroke, the sleeves move 
to the position shown in Fig. 31, in which the ports 
G, H, Ij J are all out of line and thus closed against the 
escape of gas from the cylinder. The charge is com- 
pressed and fired on the limit of this upward stroke as 
usual and the piston driven downward. Near its lower 
limit two of the ports are again brought opposite the 
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Fig. 28.— Knight Sleevi-v.ilvt- Miilur; l'i>loii and Sleev 
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outlet port and the burnt gas is forced out through the 
exhaust on the upward return stroke as in Fig. 32, This 
Knight type of motor is practically noiseless in operation, 
has little wear, and obviates all trouble with badly 
fitting or worn valves or weak springs. It also provides 




Fig. 29. — Knight Sleeve-valve Motor; General View 



an ample and uniformly sized opening for both intake and 
exhaust of gases, and tests appear to prove that it 
actually improves in eihciency with age and use. The 
sliding sleeves must of course create quite an appreciable 
amount of friction, although it is doubtful if this is much 
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grtattT than the combined friction on the varioua 
push-rods, valve stems, springs, and other parts- 
[xippet-valve motor. Lubrication is very essential 
motor, for if allowed to run dry, or to overhe 



F'B- 3<»-— f^^nie'i 




o show Oj 



friction on the sleeves Ijctomes enormous and 
cutting and extreme wear soon result. 

Rotary-valve motors are now being made whic 
excellently; and the Reynolds motor, illustra 
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s proven u must jiractical and reliable engine 
•e. The illustration represents a view of the 
ion of the cylinders with the rotary valves A 
cylinders //, ///, and IV, and removed from 




night Sltirvi 



jtiir: Si>ciion lo show (}])cratioi 



The valves consist of circular disks A, A, 
in rccessc's machined in the cylinder heads 
re provided with openings B, which correspond 
ith opcninj^s in the cylinder heads, C, D. The 
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sLcms uf these disk valves arc connected togel 
top of the cylinders by means of spiral or helical g 
which arc in turn operated by a geared vertical 
connected at its lower end with a gear on the 




Fig. 32. — Knight Sk>i-i 



shaft. On the suction stroke the valves art- 
through the action of the gears, and the opening 
valve moves into line with the corresponding in 
C, thus allowing a charge of gas to be drawn i 
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Fig- 33. — Reynolds Rotary Valve Motor. Top of Cylinder and Valve 
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cylinder (position IV). On the upward or compi 
stroke the valve continues in its rotation and 
the inlet jMrt C and permits proper compression 
charge which is fired in the usual manner (positio 
After the explosion the piston on its downward 
revolves Lhe shaft with its connecting gears am 
rotates the valves until the opening B uncove 
exhaust port D, through which the burnt gases are 
by the returning piston (position ///). This mi 
too new to judge of its ultimate future or general adt 
but it possesses many advantages over either the p 
valve or sleeve-valve types, and where it has bee 
it has given most highly satisfactory results, 
exhaust opening being a trifle larger than the 
allows a full and perfect scavenging of the burr 
while the uniform and accurate opening of th< 
and exhaust ports is fully equal to the same 
obtained in the Knight motor. The valves be 
bronze form their own bearing surface on the i 
the cylinders, while the constant rotary motion a 
fact that they are always firmly seated prevei 
formation of carbon deposits. Of course there i; 
wear of the valves against their seats, but adj'u; 
for taking up this small amount of abrasion is pro 
There is comparatively little friction and the 
are provided with ball bearings at the upper end 
stems, while the action of the spiral or helical gi 
positive, accurate, and praclitally noiseless. Tht 
gear, vertical valve driving rod, and valve gears . 
enclosed, giving the motor a very neat and clean a 
ance, and yet all arc readily accessible. Although 
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loiore used principally as a marine engine, yet there is 
no reason why the rotary-valve motor should not give 
equally good results in stationary or vehicle use, and 
automobiles are now being equipped with this motor 
which will doubtless prove most successful. 
Another rotary-valve engine which has recently 




Fig- 34-— Offsft (.'ylinder MoK 



appeared on the market is the Russell motor manufac- 
tured by The Silent Valve Co. of America. In this 
engine the rotating valves are conical in form and 
"Tough a special arrangement of driving yokes and 
springs the valves automatically adjust themselves for 
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wear or expansion. Doubtless many other designs. 
rotary- and sUde-valve motors will soon appear, for il 
jiresent tendency of design is to improve upon the o 
poppet-valve mechanism. For general use. however, it 
doubtful if this type of valve can be greatly improvi 
upon. 

Four-cycle motors vary considerably in design ai 
arrangement of parts with different makers. Th( 
motors, as well as those of the two-cycle type, are oft 
made with the cylinders offset (Fig. 34), a system whi 
is supposed to overcome the tendency to a dead ceni 
and which is used to a considerable extent on vehii 
motors but has never become general on marine 
stationary engines, but is a special feature of the wt 
known Ferro engines. Motors with the cylindi 
horizontal and opposed or opposite are also wid< 
used, and this arrangement has many advantages 01 
the vertical-cylinder motors and has been adopted 
many makers of marine, vehicle, and stationary engin 
These motors are \'ery compact, light, and powerf 
and the balanced method of construction gives a mi 
mum vibration owing to the impulse from the oppos 
pistons overcoming the jar and rotary tendency 
ordinary motors (Fig. 35). For small vehicles si 
motors are excellent and in many classes of boats tY 
are far more convenient than the regular vertical engin 
Their operation, as well as that of certain "V-shape' 
models, is practically the same as in the ordinary fo 
cycle motor, but in the opposed-cylinder type the t 
cylinders may be adjusted so that the explosion in 1 
two cylinders occurs alternately, thus giving an impu 
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■ every revolution as in a two-cycle motor. Multiple- 
linder,' four-cycle motors are made in from two to 
c or more cylinders, but in the four-cylinder machine 




Fig- 35- — Opposed Cylinder Mi 



t* cranks are set at an angle of i8o degrees and are 
cwnmonly constructed with the two central cranks close 
"*getlier without a central bearing, or with a very small 
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one, thus allowing the two middle cylinders to be more 
closely placed and saving considerable space (Fig. 20, 
B, C). This method is possible in a four-cycle motor 
as the crank case is open and is one continuous chamber 
from the front to rear cylinder. In the two-cycle motors 
the crank cases are separate and closed and it is therefore 
necessary to have each crank separated by a gas-tight 
bearing on the shaft. 

The fact that four-cycle, four-cylinder motors have 
cranks at 180-degree angles renders such motors more 
irregular in the pressure exerted on the shaft and causes 
more vibration than either three- or six-cylinder motors 
of the same type; and the latter are rapidly taking the 
place of the four-cylinder engines where silent, steady 
operation is desired. 

In addition to the ordinary types and practical forms 
of both two- and four-cycle motors, many original and 
remarkable variations in design and construction are fre- 
quently patented and offered for sale. Such designs 
are mainly freaks, and while some of them — such as the 
true rotary motor — may eventually be perfected and 
become practical for every-day use, yet at the present 
time a satisfactory rotary gasolene engine is unknown. 
Among these freak designs is the type illustrated in Fig. 
36. In this engine the explosion is balanced by the 
motion being transmitted through the levers Z), F to 
the cranks G, while the explosion occurs between the 
two pistons H, II, thus driving the levers Z>, D by the 
connecting rods £, E. While this motor actually works, 
yet it has no advantage over any other opposed-cylinder 
motor and has innumerable disadvantages, not the least 
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of which is the extra weight of the various moving parts. 
All these levers, cranks, etc., also add a great deal to 
the friction, while the loss of power through worn bearings 
and lost motion more than offsets any possible advan- 
tages the design may possess. Numerous motors have 
been designed in which an impulse occurs alternately 
at opposite ends of a piston, thus giving an explosion for 
every stroke of the piston. Motors of this design are 
expensive to construct and the difficulties in properly 




Fig- 36.— Freak "Balanced" Motor 

cooling and lubricating the connecting and piston rods 

^e very great. In very large sizes such engines are 

• 

^^ use, however, and give excellent satisfaction. A 
detailed description is not necessary, as the operation 
of these motors is practically identical with single- 
^ting engines, although in some designs the mixture 
of fuel and air is forced into the compression chamber 
oy the action of a pump cylinder operated by an eccentric 
or cam. 
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Both two-cycle and four-cycle motors are frequt 
made in horizontal form (see Fig. 37) for stationary 
For such purposes a horizontal engine is often sup 
to a vertical machine, as it gives a wider, longer, 
more stable bed in proportion to the height from t 
and in addition it permits of the use of large and h 




Fig- 37. 



fly-wheels which give steadier running with less v 
tion and decrease to a minimum the liability of 
motor stalling when operating under a heavy ' 
The operation of a horizontal engine is in no ma 
different from that of a vertical motor of the same t 
and hence a further description is not necessary. 



CHAPTER IV 

iiTs OF Two-cycle Motor. — Parts of Four-cycle Motor. — 
Pooling Methods; Water- and Air-cooled Motors. — 
C>e:sign and Construction of Motor Parts; Cylinders, 
f^iSTONs, Piston-rings, Connecting-rods, Crank-cases, 
Jackets, Shafts, Counterweights, Bearings, Gears, Cams 
a-Kd Valves, Fly-wheels; Accessibility. 

^Y reference to the following figures and explanations 

^ts it will be seen that the number of parts in the 

''o- or four-cycle engine is not very great, but as many 

^he smaller parts, such as the various bolts, screws, 

^^s, pins, springs, washers, etc., are duplicated many 

^^, the actual number of pieces used in an engine 

Very large. While the main parts, such as cyUnder, 

^^ft, piston, connecting-rod, piston-rings, crank-case, 

y-wheel, etc., are identical in either type of motor as far 

^ actual numbers go, and in multiple-cylinder engines 

^rc merely duplicated for each cylinder, the four-cycle 

^otor has in addition numerous pieces of mechanism 

connected with the valve and cam shaft that are wanting 

^ the two-cycle motor. The illustrations represent 

''motors of both the water-cooled and air-cooled jump- 

^^rk type. Air-cooled motors have fewer parts owing 

^0 the absence of pump, water pipes, check valves, etc. 

^'S- 39) > while the make-and-break system of ignition 

requires more parts than the jump spark (see Fig. 40). 

*^1 gasolene and internal-combustion engines require 

cooling of some sort to prevent overheating, warping, 
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A , Cylinder 

B, Water Jacket 

C, Piston 




n. ri>i.i„ RmRS 

E. Piston Pin 

F, Connecting Rotl 
C, Crank Case or Base 
//. Bearing Head or En 
/, Main Bearings 
J, Connecting-rod Bear 
K, Piston-pin Bushings 
L, Counterweights 
M, Oil Duct to Conne. 

Bearings 
iV. Crank 
O. Crank Shaft 
P, Timer Gears 



Pabts of Twcmtvcle Motor 

,p Spark, Watrr-cooled) 
(J. Gear Cover 
R. Tinier Shaft 

T", Fly-wheel 

U, Fly-wheel Locknut 

r, Fly-wheel Key 
If, Ball Thrust 

i Plaie -V, Pump Eccentric 
y. Pump Plunger 

ngs Z. Pump Packing Gla 

PK, Pump Packing 
PB, Pump Body 

(ing-rod CV, Check Valves 
DC. Drain Cock 
FC, Firing Chamber 
SP, Sjjark-plug Hole 
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Fig. 3S. — Parts of Two-cycle Motor 
Water-cooled, Jump Spark 
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Carts of FniR-rvcLB Motor 




(JumpSiKirk, Air-cooW) 


A.CyWnik-T 
/li/.Cytinilcr Hi 

B. Radialing VU 

C. Pision 

D. Pision Ringa 
DC. Drip Cork 


J?, Tiniw Shalt 
nl - XTimiT ' 
Kes SP. Spark Pine ' 
r. Fly-whocl 

U. Fty-wh«-l Loffcnut ^ 
1', FJy-whMl Key I 



E. Pision Pin 

f, Connecting Rod 

FA, Conni'ciing-roil Cap 

FC, Firing CIi.iiiiIht 

C, Crank Casp 

G/],Basc Plal.' 

//, 

7, Main BearinRS 

/, Cunnnlinn-riid RcarinRS 

K. Crank I'iii 

LI.. Cunlorw.-iKhl. 

Af. Vnlvi- IJrivini; C.oar 



,V, Cra 



ink Shatl 



/'.Tinin 



ir, Ball Thru 

X. Valve Gear 

F, Valve Cam 

Z. Valve Push-rod Roller 

ZA, Valve Push-rod 

I'£, Exhaust Valve 

VEF, Exhaust -valve Foot 

VEG. Exhaust -valve Stem Cm 

VES. Exhaust-valve Stem 

VET, Exhaust-valve Spring 

17, Inlet Valve 

VIC. Inlct-valve Stem Ciuifc 

VIS, Inlot-valve Stem 

VIT. Inlct-valve Spring 

IV. Inlet 

F..\, Exhaust 
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Explanation op Fig. 40 

(Parts of Two-cycle Make-and'break System) 



^. Spark Plug 

B, Movable Electrode 

C, Electrode Rocker Arm 

D, Electrode Spindle 

E, Electrode Spindle Bushing 

F, Angular Dog 

C, Trip Adjusting Screw 

//, Plunger 

/, Plunger Thimble 



/, Plunger Spring 

K, Rocker-arm Spring 

L, Dog Spring 

M. Slide Bar 

N. Slide -bar Guide 

O, Ecccentric and Ececntri 

P, Pump 

Q, Pump Plunger 
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and seizing of the cylinders and pistons, and this is 
accomplished either by means of air forced past the 
cylinders by a fan or blower, or by water circulated 
between the cylinder proper and an outer covering known 
as the water jacket (Fig. 38 B). 

Air-cooled motors are usually provided with flanges 
of thin metal cast on the cyUnders (Fig. 39), to aid in 
radiating the heat, and are little used in comparison 
with water-cooled motors. In marine use the water- 
cooling system is used invariably, as it is very easy to 
connect the pump to an outlet and inlet and thus keep 
fresh, cool water circulating through the jacket while 
the motor is operating. When used for vehicle or 
stationary use a radiator or similar cooling system is used, 
through which the water is forced by the pump, and 
which, by numerous thin flanges or by thin-walled com- 
partments of small capacity, tends to radiate heat and 
thus cool the water. In stationary engines a large tank, 
or hopper, is usually sufficient to cool the water through 
exposure of a large surface to the air. A sheet of cloth, 
wire gauze, or- a perforated plate is often used to aid in 
cooling the water from stationary motors, as the hot 
water from the engine flowing over this is rapidly cooled 
by radiation of heat from the large surface exposed to 
the air. 

Ignition of either the jump spark or make-and-break 
spark may be used in gasolene motors and as far as 
efficiency is concerned there is but little choice; the 
make-and-break system is electrically simple and 
mechanically complicated, while the jump-spark sys- 
tem is just 'the reverse electrically complicated and 
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lically simple. Ignition systems will, however, 
It with in detail in a following chapter and are 
entioned here in connection with the various parts 
motors. 

actual value, life, and power of a motor depend 

as much upon the quality of material used and 
iken in the construction of its various parts as 
ts design and proportions. The cylinders are 
)nly made of fine-grained cast iron, and after 

to the proper size should be ground to a mirror 

and fitted to within 

of an inch. The piston 
iry considerably in shape 
oportion with different 

and types of engines, 
le general principle of 
action is the same, and 
3n is principally used in 
I them. A perfect-fitting 

is essential to a good 

for if too loose the 

:jssion will be lost, where- 

too tight, it will bind 
hot and score the cvl- 
walls or prevent the 

from operating. It is 
iar>' to test all pistons 
binders by limit gauges; 
these gauges is i 2000 of an inch oversize, the other 
ne amount undersize, and if the parts fit the under- 
uge or fail to fit the oversize gauge they should be 




Fig. 41. — Piston and Piston 
Rings 



i 
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discarded. The piston should not fit the cylinder too 
snugly, however, for allowance must be made for expan- 
sion when hot, and in order to allow for this and yet to 
retain gas under compression, piston rings are provided. 
These rings are made of cast iron and are turned and 
faced on a lathe, ground on the sides, and are then cut, 
clamped together, and ground on the faces. They are 
made eccentric, — thicker on one side than the other, — 
and are cut with a diagonal or lapped joint on the thinner 




Fig. 42. — Piston-pin 

side. The rings may be two, three, or four in number and 
are placed in grooves on the piston and are usually 
pinned in position (Fig. 41). The rings are slightly com- 
pressed when the piston is inside of the cylinder and their 
tendency to expand keeps them pressed firmly against 
the cylinder walls, thus forming a gas-tight joint. 

The connecting-rod may be either of steel or bronze, 
and may be either cast or forged. The upper end, which 
fits inside the piston, is held in place by a hardened pin 
passing through the piston from one side to the other 
and known as the piston pin (Fig. 42). There are 
various methods of fastening this pin in place, but 
set-screws within the piston (Fig. 43, S) are perhaps the 
most satisfactory. Some makers bush the pin where it 
fits the piston walls and fasten the connecting-rod to 
the pin (Fig. 44), while others fasten the pin to the piston 
and provide a bearing surface for the connecting-rod 
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y placing a bronze bushing between the pin and 
ting-rod (Fig. 45). The latter system is preferable 
bviates any danger of the pin working endwise 
Dring the cylinder walls. The lower end of the 
ting-rod is split, or cut, through the centre of the 
ired for the crank shaft, and a babbitt, or bronze, 
; fitted in place and the two parts clamped 
;r around the crank shaft. There are various 
Is of fastening the bottom cap to the rod proper, 




Fig' 43- — Piston-pin held by Set-screws 

linge on one side and cap-screw with double nuts 

other is widely used (Fig. 46). Other makers 

loose cap held to the rod by screws on either side, 

lile this method allows of finer adjustment, it is 

convenient as the hinged cap (Fig. 47). Crank 
lay be cast from iron, steel, aluminum or other 

and may be made either solid, with one end 
tble (Fig. 48) ; with split base (Fig. 49) ; with both 
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bearings or end plates separate (Fig. 50) ; 01 
portion of crank case and cylinder may be cast in 
piece with a separate cylinder head held in place by b 
'(Fig. 51); or a combination of two or more of the ab 




may be used. In either case all joints should be I 
and faced true and smooth and thin gaskets of 
or similar packing, placed between the ground si 




Kig. 46. 



h Hinged Cap 



Crank cases are commonly furnished with 
plates on the sides (Figs. 50. 51, //). and these 
of ample size to permit tightening or adj 
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onnecting-rod bearing without taking down the motor; 
lany motors are made in which the hand-hole plates 
re so small that they are absolutely useless. Of course, 



T^-i 



ij* 



Fi^. 47,— tuiiiiLtiijig-rotl with Bokt 

in (our-cycle motors, the base being open and the entire 
wde plates removable, there is no trouble in getting at 
the crank shaft. 



In small-sized motors it is offtn e 



r to remove the 




Fig. 4».^Base with One F.nd Removable 

cylinder to reach the piston and crank shaft than to 
«tenipt working through a hand-hole in the base, but 
in la^-powered and heavy motors the hand-holes are 
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{^ij- 5a). This method is very satisfactory where fresh 
*8ter is used for cooling, but for salt-water use it is not 
»(ivisable, as the salts in the sea-water set up galvanic 
Wion between the copper jacket and the iron cylinder 




P'^S' so. — Both Ends of Base Keniovablc 

and this soon eats away the cylinder and causes rapid 
corrosion. 

Crank shafts are perhaps too often neglected in the 
Smaller and cheaper motors, and even in many of the 
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larger sizes they arc tiul given as much care an( 
as thi'y should have. Crank shafts bear all 
and pressure o' Ihe explosivi' impulses an< 




transmit all the power lu the machinery; tl 
therefore be designed with a large excess of st 
should be forged from the highest grailc of stt 
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hearth .35 to .45 carbon steel is excellent material, and 
after forging into shape it should be annealed, which 
relieves the strain from forging and renders the steel 
tough and strong. They should then be machined to 




Fig. 52. — Water Jacket Clamp2d On 

within 3/1000 of an inch in size, and finally ground to 
a mirror finish, where the bearings are to fit. Many 
otherwise good motors have cranks without counter- 
balances, but these are most essential to single-cylinder 
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motors if smooth running and lack of vibration are 
desired. There are many methods of fastening counter- 
weights to crank shafts, some of which are shown in 
Fig. S3. Malleable-iron weights fitted to the crank 
and dowelled and riveted answer very well and are 
widely used (Fig. 54). This is the method adopted by 
the Gray Motor Co. Bearings are most important parts 
of a motor, and various materials are used by different 
makers. Babbitt, bronze, white-bronze, and various 





Fig- 53' — Methods of Fastening Counterweights 

special alloys are utilized, and each has its advantages 
and disadvantages. Babbitt is excellent, if of very high 
grade, but will melt and cut badly if improperly lubri- 
cated or overheated. Bronze will wear well and will 
stand considerable heat, but will cut and injure the shaft 
or other moving parts if allowed to run dry or wear loose. 
Whatever material is used, the fit should be perfect and 
the bearings so constructed that they are easily remov- 
able and interchangeable. The Gray Motor Co. uses a 
very high grade special babbitt, and the main bearings 
are very long and so constructed that they are removable 
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id interchangeable in a few moments (Fig. 55). In a 
vo-cycle motor the size and length of the, main bearings 
■e very important, for if worn or loose the crank com- 
-ession will be lost and the motor's efficiency destroyed. 
Gears, timer parts, and all water connections on marine 




Fig. 54- 



lOtors should be of bronze, or similar metal, to prevent 
ist and corrosion; and if quiet-running gears are desired 
ley should either be made in pressure die moulds from 
earing metal or should be made with fibre or rawhide 
iserts or with slanting or helical teeth (Fig. 33}. The 
articular kind of gears used depends largely upon the 



are cast in special moulds and are 
tons' pressure. Other makers 



results by using fibre inserts in the 
great care in cutting all gears on sp{ 
insure the utmost accuracy. 

Cams for operating the valve mcc 
motors should be of case-hardened 
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' motor-owner to replace all such valves with new ones 

jed from the best quality steel. 

Iccessibility in a motor is a very important matter 

1 one that is all too often overlooked. Many motors of 
client design and most careful construction are so 
smbled that in order to get at some small minor part 
5 necessary to take down the entire motor. Of course 
s practically impossible to build a motor in which 
ry part can be removed without disturbing some other 
t, but the nearer one can come to this ideal condition 

better. Cylinders should be removable without 
urbing the base or shaft, and all piping and water 
nections should be so arranged that they can be 
ly removed or disconnected without disturbing the 

of the motor. In this connection the fly-wheel is 
zonsiderable importance, and in many motors this 
ery diflicult to remove, although, in order to reach 
gears or pump eccentric, it is necessary to remove it. 
eels that are fitted to a straight shaft and keyed in 
:e often rust fast to the shaft and are almost as solid 
i a part of it. While it is absolutely necessary to 
e the fly-wheel tight, to avoid vibration and pounding, 
it shoidd be fastened in such a way that it can be 
en off without special tools or machinery. Several 
Iters use a tapered end to the shaft fitted in a tapered 

2 in the fly-wheel. The wheel is forced on the taper 
a large nut and is prevented from slipping by a key 
g. 56). Such wheels are usually easy to remove, 
. a still better plan is to use a bushing of bronze 
ween the shaft and the wheel, as this prevents the 
1 wheel from rusting to the steel shaft (Fig. 57). 




iK- S>*. -Ta|H.Tcil l"ly-whc.-d Shaft wilh Releasing Ni 
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another method which renders the wheel easy to 
^e is illustrated in Fig. 58. This consists of a 
ed shaft with shoulder A, which is threaded and 
ded with a nut B. The wheel is forced up on the 
and shoulder as in the ordinary tapered shaft 
be nut B is then set up against it. When the wheel 
be taken off the forward lock-nut C is removed, 
y turning the rear nut B against the wheel the latter 
ily forced off the shaft. This idea is original with 
Lithor and has been employed on several motors 
^reat success. Even with a straight shaft and key 
ar nut will force the wheel from the shaft unless 
t)adly corroded. 



I 



CHAPTER V 

Motor Accessories — Vaporizers — Carburetors — Cooling Sys- 
tems — Fans and Pumps — Circulating Devices — Lubrica- 
tion — Gravity and Force-feed Oilers — Grease Cups- 
Oiling Systems. 

All attachments and parts of a gasolene engine, not 
actually a part of the motor itself, may be classed under 
the general head of Accessories, for while these various 
devices may outnumber the parts of the motor and the 
latter may be incapable of operating without them, yet 
they are seldom manufactured by the motor manufac- 
turers and often are of equal importance and of greater 
value than the bare engine. In fact a motor without 
accessories is no better than so much old metal, as far 
as use is concerned. Nevertheless, many owners or 
operators of gasolene motors who are very careful to 
purchase or use the best motor that money can buy 
are very careless or indifferent where the attachments 
or accessories are concerned. In reality most failures of 
gasolene motors to give satisfaction are due to faulty 
or poorly constructed or obsolete accessories. The best 
motor in the world will not operate properly with poor 
ignition or poor vaporizing devices, whereas a poor motor 
will often work fairly well if furnished high-class ignition 
and fuel-mixing apparatus. Every gasolene motor must 
be supph'ed with some sort of device for furm'shing the 
explosive gas and for so combining the air and fuel as to 
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the proper mixture or "gas" to give the greatest 
ble explosive force without waste of fuel. 
ch devices are known as mixers, carburetors, or 
rizers, and they may be roughly divided into three 
3s: Vaporizers, Float-feed Carburetors, and Me- 
icaUy operated Mixers. Gasolene, benzine, kero- 

alcohol, or any other liquid fuel must be vaporized 
ansformed into an explosive gas by mixing with air 




e it can be utilized as a fuel for internal-combustion 
les. The. function of either mixers, carburetors, 
iporizers is to create a mixture of gasolene or other 
vith the air in such proportions as to give the highest 
;ncy. Vaporizers as a rule are cheaper and simpler 
carburetors and are not nearly as satisfactory. A 
not! form is illustrated in Fig- 59. In this cut A 
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represents the inlet to motor; B, the gasolene supply 
pipe or inlet; C, the air intake; D, the needle valve; 
and E, the check valve. The gasolene flows through the 
opening of the needle valve D and the amount admitted 
to the motor is varied by screwing the valve up or down. 
While the check valve E is held on its seat by the spring 
F, the opening of the needle valve is closed and no 
gasolene flows through. As soon as the motor conmiences 
to operate the suction through the inlet A draws air 
through the inlet C and this suction raises the check 
valve from its seat, allowing a small jet of gasolene to 
run into the vaporizer. This gasolene is mixed with the 
air as it rushes through from C to ^ and passes into the 
motor in the form of a vapor or fine spray. By varying 
the adjustment of the needle valve D and the lift of the 
check valve E, the proportion of gasolene to air can be 
varied to suit the speed or condition of the motor. In 
theory this system is excellent, but in actual operation 
it often proves faulty. 

The best form of fuel mixer is undoubtedly the float- 
feed carburetor. A number of makes of these carbu- 
retors are on the market and each has its own good points 
and advantages. The operation of all is very similar 
and if one is thoroughly understood the others are easily 
mastered. A form in common use and which invariably 
gives most satisfactory results is known as the "Scheb- 
ler.^' This carburetor is made in several forms and t3T)es, 
varying in the arrangement of air and gasolene supply 
and regulating devices, but the simpler form known as 
'^ Model D'^ is as satisfactory for general use as any 
and is far easier to understand than the more complicated 
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models. This carburetor is illustrated in Fig. 60, in 
which R represents the inlet to motor; G, the gasolene 
pipe inlet; A-C, the air intake; D-E, the needle valve; 
0, the automatic air valve; F, the float; and B, the 
float valve. The flow of gasolene fills the float chamber B 
until the float F rises upward and shuts o£E the supply 

MODEL "D" 




Fig. 60. — Schebler Crtrburt- tcir 

by the float valve H. As long as the motor is inactive 
"lis level remains constant and no gasolene passes into 
'Be motor. As soon as the piston moves on the suction, 
w intake, stroke a current of air is drawn through C and 
*<^ross the opening of the needle valve towards the motor 
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inlet R. This draught of air sucks a small quantity of 
gasolene from the opening of the needle valve and this, 
gathering upon the walls of the air passage, rapidly 
evaporates and is readily combined with the inrushing 
air and converted into an almost dry gas or vapor. 
The small amount of gasolene drawn from the full 
chamber is at once replaced by the automatic action 
of the float and float valve. The proportion of air to 
gasolene is easily and accurately regulated by means 
of the needle valve and air valve, D and 0. It is usual 
to regulate the supply for the motor while running at 
medium speed and then by speeding up and slowing 
down so adjust the automatic air valve 0, by means 
of the thumb nut W, that the best results are obtained 
at all speeds. The function of the check valve which is 
attached between carburetor and engine is merely to 
prevent the vapor in motor base from rushing back 
through the carburetor instead of upward through the 
by-pass to the firing chamber. It is therefore only 
necessary on two-port, two-cycle motors, for in the three- 
port type the piston itself acts as a check valve, while 
in four-cycle motors the mechanically, or spring, actuated 
intake valve prevents any backward pressure of the 
gases. 

This carburetor, as well as those of other makes and 
most vaporizers, is also provided with a throttle valve 
A', operated by a lever F, and which shuts off all or a 
portion of the gas entering the chamber of the motor 
by closing the opening R. This lever may be so adjusted 
l)y the set-screw 5 that the throttle cannot be com- 
pletely closed, but will serve to feed just the right 
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unt of vapor to operate the motor at the slowest 
ibie speed. 

lother excellent carburetor of the float-feed type is 
"Knee" illustrated in Fig. 6i. In this carburetor 
the motor connection, D the cylindrical throttle; 
le annular gasolene openings; F the gasolene level 




Fig. 61. — Krice Carburetor 

float; G the gasolene bowl; K the needle- valve 
JStment; L the throttle lever; M the air intake; 
he inlet valve operated by the float; T the gasolene 
nection; U the needle valve; and V the drain cock. 
' advantages claimed for this carburetor arc that the 
)lene, instead of being drawn from the needle-valve 
ning direct, is drawn through a narrow slit or open- 
nearly three inches in circumference and i/ioo of an 
1 wide and is vaporized within the chamber //, thus 
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producing more rapid evaporation and drier gas. T 
throttle D is also novel, being semi-cylindrical in for; 
and not only acts as a throttle, but also as an air adjii 
ment for varying speeds of the motor. 

Still another cxceilent type of float-feed carbuij^ 




Fig. 6j. — Kingst< 



is the "Kingston" illustrated in Fig. ()2. This c 
buretor acts on the same general principle as th< 
already described, but has live supplemental air-supi 
inlets which are automatically opened and closed 
bronze balls M, which float within the retainers .V 
high speeds, but close againsi their seats at slow spe 
thus doing away with the more uncertain spring acti 
of other automatic air- regulating devices. As a r 



THEIR OPERATION, USE, AND CARE 



105 



the simpler and more positive the better in carburetor 
design, for a slight derangement in any part will result 
in variation of mixture and loss of power or stoppage of 
the motor, 

A form of mechanically operated mixer is shown in 
Fig. 63, which represents the mixer used on the Cadillac 
K 




Fig. 63. — ^Mechanical Mixing Valve (Cadillac) 



single-cylinder automobiles. In this cut, A represents 
the inlet to the motor; B the gasolene inlet; C, the air 
intake; D, the needle valve; E, the diaphragm; F, the 
valve seat; G, the adjusting screw; H, the mixer binder; 
/, the needle-valve spring; J, the binder screw; and 
K, the adjusting-screw binder. In operation the air, 
drawn inward by the suction stroke of the cylinder, 
causes the diaphragm E with the needle valve attached 
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to lift from the valve seat and thus permit a small quan- 
tity of gasolene to escape and mix with the inrushing air. 
The screw G bears upon a spring H which presses upon 
the top of the needle- valve stem, and this spring and 
screw are adjustable by means of the binder H and screw 
/ so that the spring exerts greater or less pressure upon 
the needle valve and thus allows it to raise higher or 
lower according to the requirements of more or less gaso- 
lene. When correctly adjusted this mixer gives excellent 
results, but the adjustments must vary with climatic 
variations and the conical head of the needle valve and 
its seat become rapidly worn and often permit too much 
gasolene to enter the chamber. 

The carburetor of a motor is its most delicate piece of 
mechanism and has been aptly called the "Heart of the 
Gas Engine." It should never be tampered with until 
everything else has been looked over in case of trouble, 
for it is often the work of several hours to readjust a 
carburetor correctly. It is a very common fault of many 
operators to continually fool with the carburetor or even 
to use it to turn off the supply of gasolene by screwing 
the needle valve onto its seat. This is a practice that 
cannot be too strongly condemned. Turning the 
needle valve against its seat injures both valve and seat 
and it is practically impossible to adjust it once it be- 
comes rough, burred, or bent. ' A regular cut-ofi valve 
or cock should be placed in the pipe line outside the car- 
buretor, and this should always be used for shutting 
off the fuel supply when the motor is not in use. A 
great deal of trouble with carburetors is caused by water, 
or particles of dirt, getting in the gasolene and finding 
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ts way into the needle valve. A gasolene-strainer 
liould be placed between the fuel tank and carburetor, 
ut even this will not always prevent foreign matter 
om working into the valve. Practically all float-feed 
irburetors have a drain cock at the bottom of the cham- 
er, and this should be frequently opened after the motor 
as stood idle for some time and the gasolene allowed 
) run off. If the gasolene thus drained is caught in a 
ass bottle or similar vessel you will be surprised to find 
ow much water or dirt frequently drains off. On 
lultiple-cylinder motors it is often customary to use a 
ngle carburetor with the intake pipe or manifold 
ttached to the several cylinders. This system often 
orks to p)erfection, but in other cases a separate car- 
iretor attached to each cylinder proves far more satis- 
ctory. Frequently on two-cycle, two-port motors 
>parent carburetor trouble is due to the check-valve 
ring being either too weak or too stiff. It usually 
ys to have several springs of varying strengths on 
nd and by experimenting with these excellent results 
iy often be obtained when it is impossible to get satis- 
-tory operation through carburetor adjustments alone. 
A very important part of the motor is the cooling 
stem. In the case of air-cooled motors a simple fan 
iving the cool air across the motor is all that is required, 
id this is so simple and so easily watched that any 
ndency to overheat can be easily attended to. In the 
Lse of water-cooled motors the svstem is far more 
^niplicated, and overheating may be caused by some 
ortion of the cooling system failing to operate where 
IS very difficult to locate it. A very simple system of 
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waler-cooling used in many stationary motors, a 
some vehicle motors, depends upon the well-t 
fact that hot water rises, and by placing a hopp 
radiator, at an elevation slightly higher than the 




Fig. 64.— Plungi-r Pump 

and connecting it to the water jacket the watei 
tinually flows through the motor about the cyl 
This system does not prove very satisfactory witJ 
cycle motors, as in this ty|)e of engine the explos. 
every revolution tends to heat the cylinder wal 



laster than in the four-cycle motors where an explosion 
only occurs at every other revolution, thus allowing the 
motor to cool off appreciably between the explosions. 
Usually a pump of some sort is used to force the water 
through the jacket and around the cylinders. This 
pump may be either of the plunger type (Fig. 64), of 
the gear type, or of the true rotary type. The plunger 
fype of pump is very satisfactory where clear water is 




Kig. 65. — Roiary Pump 

"sed, but in marine use it frequently becomes clogged 
"y bits of seaweed, shells, gravel, or other matter becom- 
"*g wedged between the check valves (Fig. 64, A. A) 
***d their seats. This is readily removed by unscrewing 
•*>« check-valve caps (Fig. 64, B. B). 

In addition to this trouble the plunger pump is 
Usually noisy and requires packing around the plunger 
VPig. 64, C, C) in order to keep the pump from sucking 
*ir- Even when the plunger packing is as tight as it 



.„,„._> jjump IS a very 
be driven by belt, cog-wheel, s 
by similar mechanical means; it 
operating noiselessly and, moreov 




some distance from the engine oi 
vcnieiit, A common form of this 
Fig. 65. but the shape of the padc 
varies with different t"-'— '^' " 
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always flow in the direction of revolution as indicated 
by the arrows in Fig. 67, A, B. For this reason a check 
vaWe should be placed between the engine and pump 
when a motor is frequently reversed, for otherwise 
air may be drawn into the intake pipe and an air-lock 
formed which will prevent the pump from working satis- 
factorily until the air is forced out and the pump primed. 




Fig. 67. — Flow of Water in (icar Pump 

■^y pouring or forcing water through it and the pipes. 
Marine engines should always be provided with two 
check valves on the water pipe, one between pump and 
intake in boat and the other between the pump and water 
jacket (Fig. 38, CV). These prevent the water from 
flowing back from the cylinder through the pump, 
thus causing air in the pipes, and also prevent the boat 
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from flooding if the pump, engine, or pipes are below 
water line. With a rotary pump it is a good plan to 
have a cock or valve at the pump, or close to it, as in 
this way the pump can be primed, or oiled, through the 
cock without trouble. Both plunger and rotary or gear 
pumps should also be provided with a drain cock at 
the lowest point, from which all water may be drawn in 
cold weather to prevent freezing, and there should be 




Fig. 68 o. — "Ferro" Water Circulating Systi 



i"* ttst cock between pump and engine so that by merely 
<^>emng this the operator may readily ascertain if the 
pump is operating properly. 

The water -cooling system in the Ferro engines (illus- 
trated in Fig. 68} is unique and is well worthy of con- 
sideration. In these motors there is no exposed piping 
or connections as the water from the intake is pumped 
directly into the water jacket by means of a plunger 
pump directly connected to the shaft. In the illustra- 
tions the system of circulation as well as the simplicity 
of the pump arc plainly shown. After leaving the pump 
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the water is forced through a channel in the crank case 
and hence up to the jacket. Entering the water jacket 
the water divides and passes up on both sides of the 
exhaust port and then up and around the cyUnder to the 
cylinder head, from which it passes into the exhaust 
manifold. It can then be piped either directly to a tank, 
to the outboard connection, or can be led into the 
exhaust pipe. At the lowest point in the water channel 
in the crank case there is a drain cock from which all 
water may be drained from the cyUnder. 

Almost as important as the vaporizing system is the 
lubrication equipment, for if allowed to run dry, or with 
too little oil, a gasolene motor will at once heat up and 
will soon be ruined beyond repair. If fed too much oil, 
carbon will accumulate in the cylinder, on the piston 
and valves, and will even choke up the muffler and 
exhaust, besides causing a disagreeable odor and excess 
of bluish smoke. Lubricators or oilers may be divided 
into three groups: gravity oilers, force-feed oilers, and 
grease cups. Gravity oilers consist of a tank or other 
receptacle to hold the oil, with pipes running to the 
various points of the motor requiring lubrication. 
They operate by the oil dripping through from the 
reservoir by gravity, and in order to aid in their opera- 
tion a small ball check is usually placed at the top of 
the oil pipes. This class of oilers is in general use and 
they may consist of either a large tank from which 
numerous pipes lead, or may be merely independent 
oil cups. Several makers now have glass-bodied oil cups 
with several feeds, as illustrated in Fig. 69. For small 
or single-cylinder motors these oilers answer all require- 
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ments, but thoy require frequent relilling and the best 
of them are apt to leak oil and become greasy and dirty. 
Force-feed oilers are very different in principle and 
construction; they consist of a tank or receptacle for 
the oil, within which is a compact oil pump operated 
by a lever, puUey-wheel, or gears 
connected to the engine, and 
this pump forces the oil through 
the pipes to the proper points. 
As the pump will force the oil 
against high pressure there is 
no danger of the pipes becoming 
clogged or the oil failing to reach 
the bearing surfaces. On some 
portion of the oiler there are 
small tubes, enclosed by glass, 
through which the oil is forced 
in drops in exactly the quantity 
that it is fed to the engine. 
This acts as a sight feed, and 
hy means of plungers, or screw 
adjustments, the flow of oil to 
any or all pipes may be regu- 
lated to feed the proper amount. On large-size, mul- 
tiple-cylinder, vehicle motors or any motor that 
■operates for some time without continual observa- 
ti(m, the force-feed system is a necessity, and although 
the first cost is more than for the gravity oilers the results 
are fully worth the additional outlay. An excellent 
'ype of this class of oilers is manufactured by the Detroit 
Lubricator Co. (Fig. 70), while those of the Osgood 
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Lubricator Co. are illustrated in Fig. 71. Grease cups 
are used on bearings, shafts, and smiliar places, and 
consist of a cup which is filled with grease that can be 
forced onto the bearings by means of a plug, or plui^er, 
screwed into the cup (Fig. 75). For marine and sta- 
tionary work these grease cups answer very well, but 
if the motor is provided with a force-feed lubricator or 




Fig. 70. — "Detroit" Force-feed Lubricator 

a tank gravity-feed oiler it is better to oil the bearing 
by the regular lubricator pipes. The principal points 
for lubrication are the piston, piston-pin, connecting- 
rod bearing, main bearings, and, in four-cycle motors, 
the gears, cams, and push-rods. 

The proper amount of oil to be fed depends largely 
upon the size and speed of the engine and its age and care. 
A new motor will require more oil than one which has 
been operated for some time, while an engine that has 
become badly worn, and loses compression, may often 
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Fig. 71.— 'Osgood" Fortc-fi/td Lubrkalor 
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be made to operate far better by feeding an excess i 
which serves to fill the leaks around piston rings 
bearings and thus hold compression. Usually fror 
to fifteen drops per rrunute is sufficient for a well-care 
motor. Another method of lubrication that has r 
advantages consists of oiling the motor through 
gasolene. To accomplish this, oil should be addi 
the gasolene in the proportion of one pint of oil t( 
to fight gallijins of gasolene. The oil and gasolene 
be thoroughly mixed and this may be accompl 
cither by stirring them together before placing ir 
tank or by pouring both together through a fi 
with a strainer. Another method is to mix the oil 
a small quantity — about a gallon — of the gasolent 
then add this to that in the tank. The oil 
mixed is held in suspension in the gasolene in m 
globules, and passes with the gasolene through 
carburetor. Within the motor the gasolene is vapoi 
while the oil is deposited over all parts of the in( 
of the motor, thus lubricating it very thoroughly, 
method gives excellent results but has numerous d 
vantages. If one has a private gasolene supply wher 
oil may be properly mixed in known proportions 
is little trouble, but if you purchase oil or gasolene 
there, and everywhere — as is. ■ necessary when i 
cruise with a boat or on a long automobile tri] 
is next to impossible togCf the proper proportions t 
time; either too much or too little off'is sure to r 
under such conditions, and in addition it is conside 
trouble to stop and mix the oil and gasolene { 
time the tank is ri^liUcA. ^V->iy.«\-t\ , t.'Ac oil pa 
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through the carburetor has a tendency to keep the 
carburetor oily and accumulate dirt, while oftentimes 
the oil becomes gummy and hard from cold weather, 
or from the cold generated by evaporation on the 
carburetor, and the latter then becomes clogged and 
fails to operate properly. In four-cycle engines the oil 
often accumulates on the valve stems and causes them 
to stick, or is forced into the exhaust pipe and muffler, 
causing clogging and soot. 

The most difficult parts of a motor to lubricate suc- 
cessfully are the piston-pin and crank-shaft bearing of 
the connecting rod, and this is accomplished in various 
ways. A common and good method is to have a hole bored 
through the piFton-pin and another through the connect- 
^ng rod connecting with the former. The oil, fed into the 
cylinder, lubricates the piston and also enters the hole 
^ the piston-pin and, after lubricating the bearing at 
^ie head of connecting rod, finds its way down to the 
^ank shaft. This method is excellent on small to 
^^dium-sized engines and is well shown in Figs. 38, M\ 
43 aAd 44, O; and in Fig. 74. 

To lubricate the crank-shaft bearings still more 
effectively a splash system is used in many motors in 
^hich a quantity of oil is kept in the bottom of the crank 
^^^-^e and into which the connecting-rod cap and crank 
^tfc^ft dips at each revolution, thus splashing the oil about 
^^d lubricating the various internal parts. Practically 
^W two-cycle motors lubricate more or less on this 
P^ndple, for there is always an excess of oil accumu- 
lating in the base into which the crank dips. To more 
^VenJy dbtribute the oil in the base a sysX^rcv ol o^xvw^ 
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is often used by the best makers of gasolene motors anc:^ 
has been adopted on the majority of good motors. Thi^^ 
method consists of rings attached to the crank shafC^ 
and to which oil is fed through the base or otherwise—- 
The centrifugal action of the oil rings, which are shghtl)*^ 
eccentric, serves to lieep up a steady and uniform feeiM- 

Iof oil to the various parts of the=^ 
crank and shaft bearings. This- 
ring system is far superior to^ 
the splash method, and is illus- 
trated in Figs. 72 and 73, whiclm 
show the ring used by the Buffa- 
lo Motor Co. ami Mu- crank 
Fig. 7a.-'|Buffaio" Oiling gfjaft with rings assembled. 
This company was the first to 
introduce these oil rings and they have since been 
adopted by many manufacturers and are used with 
various modifications almost universally. 

A unique and very compact as well as highly satis- 
factory system of oiling is used in the well-known 
Ferro motors. This is well shown in the sectional view 
illustrated (Fig. 76). and consists of an oil tank in the 
base of motor and cast integral with it. This is filled 
by means of a filler tube (6) which rises from the base. 
A short tube fitted with a check valve connects the 
crank case with the tank and from the latter another 
tube (5) leads upward to the sight-feed distributor 
at top of cylinder. From the distributor various feed 
pipes lead to the points requiring oil. In operation the 
pressure in the crank case causes enough air to pass 
through the check \a\vc into the oil reservoir to force the 
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'■'S' 74' — "Gray" [rubricating Sys 

to the various points requiring lubricatic 
adjusting the needle valves on the distrib 
inn the tank full of oil, this device reqi 
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Fig. 76— "1'Vrr.i" l.iiliii.vKiiiK Sy'^lcm 



CHAPTER VI 

Ignition. — Principles of Electrical Ignition. — Dynamos and 
Magnetos. — High- and Low-tension Magnetos. — The 
Wico Igniter. — Spark Coils. — Spark Plugs. — Vibrator. 
— Timers. — Delco and Perfex System. — Igniters. — Op- 
eration. — Comparison of Make-and-break and Jump 
Spark. — Altering Make-and-break to Jump Spark. 

Every internal combustion engine must be provided 
with some method of igniting the charge of compressed 
gas in the cylinder, and while in the past this was accom- 
plished in several ways, at present practically all gaso- 
lene engines use an electric spark for the purpose. 
Electric ignition in general use may be divided into two 
classes, Jump-spark and Make-and-break-spark ignition 
systems, but before discussing these two methods in detail 
a short explanation of the general principles of electricity 
as used for ignition purposes may be of interest. Elec- 
trical currents are said to "flow'^ through certain con- 
ductors, such as metallic wires, but the exact actions 
of these currents are not known. It is generally conceded, 
however, that the current does not pass through the body 
of the metal as much as it follows the surface. A clearer 
idea of electrical action may be obtained by comparing 
the current with the flow of liquid through a, pipe. A 
liquid in a pipe is said to be under a certain pressure 
which causes it to move, the pressure being due to a 
difference in level of the source and outlet, or caused 
by some mechanical means as a pump. In. the same 
way an electrical current has pressure or voltage caused 

124 
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« 

)y a difference in what is known as a potential (see 
jlossary) between the source and the outlet; thus we 

lave: 

Volts ^ih^ unit of pressure dependent upon the difference in 
Potential, equivalent to lbs. per sq. inch '^^ unit of pressure 
dependent upon difference in level. 

The amount of water or liquid passing a given point 
luring a certain time is known as the rate of flow in 
jallons per minute, etc. So a current of electricity has 
I similar rate of flow, which is measured by a unit known 
IS an Ampere J which represents quantity just as in a 
vater pipe the quantity is reckoned in gallons. The 
luantity of water is dependent upon the pressure used 
force the water through the pipe and upon the resist- 
nce or friction of the pipe. In the same way the num- 
er of amp)eres m an electrical current depends upon 
ie pressure or voltage and upon the resistance to the 
assage of the current through the wires, or other 
inductors. Thus we have: 

Ampere'^ unit of rate of flow, dependent upon voltage and 
resistance; equivalent to gallons per minute^ unit of rate of 
flow, dependent upon pressure per sq. inch and frictional 
resistance. 

he resistance to the flow of an electrical current is 
measured by units called Ohms, and is dependent upon 
ie diameter, material, length, and temperature of the 
ires, exactly as the flow of water is resisted by friction 
ependent upon the size, shape, and length of a pipe. 
*herefore we may compare: 

0/rm = unit of resistance dependent upon diameter, material, 
and length of wire; with coefficient of friction = unit of frictional 
resistance dependent upon diameter, shape, atvd Vetv^Vv o\ ^v^. 
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The two general sources of electricity for ignitio 
wet or dry cells and magnetos or dj'namos. A si 
battery does twl generate electricity but merely ; 
that generated by a dynamo or other apparatus, 
passing the electrical current through a contri' 
known as a "spark coil" a certain change takes 
in the electrical current and the voltage is incr( 
If the coil consists of a soft iron core with nume^o^^ 
of wire around it it is known as a Primary Coil, i 
the kind used in the make-and-break system of igr 
If, however, the coil is composed of two different 
of wire with the outer coil finer than the under an 
connected with it, it is known as a Secondary Coil 
as is used in the jump-spark system. 

Dynamos and magnetos are mechanical devices 
to produce electricity, and a simple form of one of 
is represented diagrammatically in Fig. 77. The ; 
A and B are electro-magnets, or, in other word 
pii'ces of iron magnetized by means of a small ci 
known as a shunt S, made to pass around them as s) 
This shunt current is really a small part of the ci 
produced by the dynamo itself. The ends of thes 
pieces of iron are known as poles and between ther 
space known as the magnetic field. In this area ai 
or armature, C. is rotated, upon which wires are v 
so that the windings are continually passing th 
the lines of force between the poles and thus cu 
of electricity are generated in the wires. As the roi 
of the armature causes currents in the wires whici 
in opposite directions, these currents are gather 
they will flow in one direction through the outside 
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he current is to be used, and to accomplish tiiis 
; small pieces of carbon or other substance 
as brushes, D, are used which rub on small 
ts of copper known as a commutator, E, at- 




f 'K' 77- — Diagram of Dynamo 



to the end of the armature and to which are 
i the ends of the wires used in winding the 
re. The brushes are so arranged that they touch 
iper pieces connected with the proper wires so 
direct current will flow through the outside 



ig. 78 if 
andfa 



a diagrammatic section of a magneto, 
e the magnets, but in ttas case \i«^ %.t«. 
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permanent, or true, magnets and no shunt current is 
required; it is mainly in this detail that dynamos 
differ from magnetos. An electrical field exists between 
the poles or ends of these permanent magnets, ' and a 




Fig. 78. — Diagram of Magneto 



revolving armature C with its windings cuts through 
the lines of force, producing currents in the wires exactly 
as in the dynamo. Brushes D and a commutator E are 
again used in this case to gather the flow of current in 
one direction. The strength of current generated by the 
above machines is dependent upon the size of wire, the 
strength of the magnetic field, the number of turns of 
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id the speed at which the armature is rotated, 
reason the shunt current of the dynamo increases 
as the speed of the machine increases, thereby 
tig the magnetism of the electro-magnets and 
i so that the strength of current will increase 
pidly in this type with the speed at which it is 
1 than it will in a magneto with permanent 
5. To obviate this difficulty with the dynamo 
nor is supplied which regulates the speed of the 
:e regardless of the speed of tjie engine to which 
:hanism is attached. This governor is essential 
L magneto or dynamo is to be used for ignition 
• to prevent burning out the wires at high-speed 

produce a good spark at low engine speed. As 
3 of current either a dynamo or magneto may be 
actly as if it were a storage or dry battery, or 
be attached to a switchboard and used to accu- 
electricity in a storage cell which can then be 

for ignition and Hghting. 
letos are divided into two general classes, high- 

and low-tension. The low-tension magneto 
; of magnets as usual, but with a primary winding 
s in primary coils, and the current is broken at 
:ant of* its greatest intensity. Other low-tension 
OS are fitted with timing devices by which the 

can be broken and a spark produced when 
, thus allowing the spark to be retarded or 
ed and thus regulating the time when ignition 
:harge in the engine takes place, 
-tension magnetos have an armature provided 
vo windings like the jump-spark coils. These 
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machines are fitted with a mechanical breaker which 
produces an induced effect on the secondary winding 
and therefore no spark coil is required. The Bosch, 
Simms, and various other magnetos are of this type. 
Another high-tension system consists in using a sort of 
low-tension magneto in which the current is passed 
through an induction coil fitted with a mechanical 
breaker. The Splitdorf, Holley, and Eiseman magnetos 
are of this type, while the Remy magneto has a sta- 
tionary winding with two revolving inductors, thus 
eliminating revolving wires, brushes, and moving con- 
tacts. The great majority of magnetos in use, however, 
are of the low-tension type, and these possess the great 
advantage that their current can be passed through the 
regular spark coil and thus be switched off or on from 
the battery circuit at will. Moreover, these machines 
may be used with advantage for lighting purposes. The 
Eureka magneto manufactured by the Henricks Novelty 
Co. is of this type, and this wonderful little machine 
will ignite the motor charge and operate a total of 36 
candle-power electric lights at the same time. This 
firm also manufactures a number of other magnetos, 
among them the 'Xomet/' which is probably the 
smallest and most compact magneto made that is really 
practical. Many magnetos are inaccessible and are so 
complicated in construction that if out of order an 
electrical expert must be called on to adjust them. In 
the Comet the parts are very few and any one can take 
down, adjust, and repair one of these machines. The 
illustration (Fig. 79) shows the few parts and simple 
construction, while the brush holders can be removed 
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without wrench or screw-driver, thus permitting exam- 
ination or cleaning at any time. 
A unique variety of magneto which has recently been 




F^- 79- — Parts of " 



.'( " Miigndo showing Accessibility 



perfected is the "Wico Igniter" made by the Witherboe 
Ignition Co. In this machine there is no rotarj' motion, 
the electrical current being gcnerattd \i^ Tftcv^fii^^Mvwt, 
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or sliding, motion only. This remarkable machine 'a 
illustrated in Fig. 80. The magnets consist of tungsten 
steel permanently magnetized and fastened to cast-iron 
pole pieces which carry the magnetic lines of force from 
the poles to the soft iron cores. The pole pieces are 
fastened to the base casting and support the magnets' 




cores and coils. The cores fit into slots in the pole 
pieces and are built up of sheets of soft iron, and 
each core extends from Just beneath the upper arma- 
ture down through a pole piece and coil to just 
above the bottom armature. The armatures consist 
of sheets of soft iron mounted on a spool-shaped 
piece which in turn is loosely fitted onto the squared 
end of the armature bar. This armature bar is 
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ce of steel, its central cross-section being flat while 
nds carry the armatures and are square. This 
s shoulders which bear against the armatures 
igh the medium of fibre washers, the shoulders 
fig to carry the armatures in and out of contact 
the cores when in operation. The armature itself 
^ly supported by a box-shaped guide which is 
led to the case. On the outer ends of the armature 
re spiral springs held in place by cup-shaped washers 
pins, making a self-locking fastening similar to 
:-spring fastenings. These springs bear against the 
tures and force them against the shoulders of the 
ture bars. The coils each have a simple, high- 
3n winding and are connected by a metal strip, 

making a continuous winding. In the single- 
der machine one end of the winding is grounded 
e case of the igniter while the other end runs to the 
: plug of the motor. In two-cylinder machines 
ound connection is used, but both ends of the wind- 
are connected to the plugs of the motor. In the 
of the case there is a square slot in which slides 
iquare driving bar. This bar receives its motion 
the engine and at its upper end is provided with a 
ed latch of hardened steel. The latch is held in 
LSt the latch block by a spring which fits into a 
s between the latch and the driving bar. Above the 

is a hardened steel timing wedge which is held 
ird against the timing quadrant by a spiral spring, 
timing quadrant is pivoted on the back of the case 
is moved by a small handle projecting above the 
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As the driving bar, connected with the engine, is 
moved upward carrying the latch with it, the shouldo 
on the side uf the latch snaps under the square head 
of the latch biock. As the motion reverses, the latch 
carries the latch block and armature bar upward. The 
lower armature being in contact with the stationary 
cores cannot rise with the bar, but the lower spring is 
compressed between the retaining washer and the 
armature while the bar rises and carries with it the uppo 
armature whicli bears against the upper shoulders OT 
the bar. As the driving bar continues its upward motion 
the bevelled u]>j»cr end of the latch meets the lower enc 
of the timing wedge, and as the wedge is stationarj 
a further movement of the latch causes it to be pushet 
aside until its shoulder clears the latch block an< 
releases it. As the lower armature spring is at this tim' 
exerting a pressure between the armature bar and tb' 
cores through the lower armature, the instant the iatcl 
is released the armature bar is pulled quickly downwar* 
carrying the upper armature with it. Just before th 
motion of the upper armature is stopped by hitting tt 
cores, the lower shoulders on the armature bar come ii 
contact with the lower armature and its momentun 
carries the lower armature away from the cores agains 
the pressure of the upper spring which acts as a buffer 

The electrical action which ensues by this operatioi 
is as follows. With the parts in position as shown 
the magnetic lines of force starting from one pole of th 
magnets flow through the adjacent pole piece to th 
core, downward through the portion of the core covere' 
by the coil to the lower armature, across to the othe 
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core, and up to the other pole piece and other pole of 
the magnets, thus completing the magnetic circuit. 
The magnetic lines cannot travel upward and through 
the upper armature because it is separated from the 
cores by air gaps and the lower path offers less resistance. 
The portion of the cores covered by the coils is therefore 
magnetized, the same as in the core of a jump-spark 
coil. When the armature bar released from the latch 
is at the end of its downward stroke, the armatures 
occupy the opposite positions with relation to the cores 
—that is, the upper one is in contact while the lower one 
is separated. The magnetic circuit through the lower 
part of the cores is thus broken while the top forms a 
bridge for the magnetic lines across the tops of the cores. 
The combined action of the two armatures causes a 
very sudden demagnetization of the cores covered by 
the coils, which thus induces a wave of current in the 
coils, as is done in an ordinary induction coil when its 
core is demagnetized by breaking the primary circuit, 
h this igniter the permanent magnets replace the battery 
^d primary winding, while the armatures replace the 
vibrator and timer in interrupting the magnetic flow 
through the cores. The timing of the spark is accom- 
plished by releasing the armature bar earlier or later 
^ the stroke. This is done by shifting the position of 
the timing quadrant which in turn varies the position 
of the wedge so that it releases the latch earlier or later. 

The timing quadrant is provided with several notches 

• 

Uito one of which the top of the wedge fits, thus holding 
the quadrant in the desired position. At one end of the 
quadrant there is a notch considerably deeper than the 
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others. This notch is so deep that when the wedge 
rests therein the latch is not tripped, and consequently 
the armature bar is not released and no spark is produced. 
In this position the quadrant acts as a switch and by 
mechanical means shuts off the current. 

The advantages of this new form of igniter over rotat- 
ing magnetos are numerous. It produces a hot spark at 
very high voltage for starting the engine, as the spark 
strength is entirely independent of the speed at which 
the engine is operated, and also because the voltage is 
strongest with the spark in its retarded or starting posi- 
tion. It is simple, strong, very compact, and dust-, 
oil-, and water-proof; moreover, it does away with all 
outside appliances and accessories such as switches, 
batteries, coils, wires, etc., the only wire exposed in 
the whole system being the short secondary wire leading 
from the igniter to the motor spark plug. 

In using a jump-spark coil some method must be 
provided for interrupting or breaking the current in 
order to produce a spark in the induced current of the 
secondary winding. This is ordinarily accomplished 
by the use of what is known as a Vibrator. Fig. 8i 
represents a diagram of a jump-spark coil, and in this 
figure A is the core; 5, the primary winding; C, the 
vibrator; Z), the vibrator spring; £, the contact points; 
F, the adjusting screw; G, the condenser; H] the timer; 
and /, the secondary winding. As the core A is mag- 
netized by the current passing around it in the primary 
winding B, the iron will, of course, be alternately mag- 
netized and demagnetized as this current is made or 
interrupted. This intermittent magnetizing of the core 
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is brought about by means of a timer, a mechanism on 
the engine which alternately connects and separates the 
points between which the primary current flows. This 
alternating magnetization and demagnetization of the 
core is used to operate the piece C, at the end of the 
spring D, in such a way that when the spring in its 
nonnal position is touching E, the current from the 




Fig. 81.— Diagram of Jump-spark Coil 

'^'agneto or battery flows through the wire as shown by 
the arrows, thus magnetizing the core, but the instant 
the core becomes a magnet the piece C is drawn against 
lis end, thus separating the spring D from the point E 
and breaking the primary circuit, causing the core to 
lose its magnetism and therefore allowing the piece C 
to spring back against E, again making the circuit, 
^M thus opeirating over and over again as long as current 
K supplied to the primary windini;. Nou-vi.'oTa.Vvtv^ '^vi'\'i 
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are used on many engines, but in these coiis only a single 
spark, is produced each time the timer on the engine 
makes and breaks the primary circuit; and hence there 
is less likelihood of getting a powerful, hot spark than 
where the vibrating coil is used which produces a scries 
of sparks at each contact of the timer points. 
advantage of the non-vibrating coil lies in the fact that I 
the vibrator, contact points, and adjustments are done J 
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away with, but as this type of coil docs not "buzz" 
it is far more difficult to locate the trouble than with a 
vibrating coil in case of failure to "spark" properly. 

An important part of the coil to consider is the vibrator 
itself, and upon the proper adjustment and construction 
of this depends in great measure the efficiency of the 
spark. Vibrators are made in various styles known as 
Hammer vibrators, Ribbon vibrators, Feather vibrators, 
etc. (Fig. 82), and the particular kind and make best 
suited to a particular motor can only be determined by 
experiment. As a rule slow-speed engines do best with 
a hammer vibrator, medium-speed motors with a ribbon 



THEIR OPERATION, USE, AND CARE 139 

tor, and high-speed motors with feather vibrators, 
od coil, when properly adjusted, should consume 
\]/i \.o]/2 ampere for each cylinder. By adjusting 
oints nearer together or farther apart by means of 
d justing screw F (Fig. 8i), the amount of current 
Lmed may be increased or decreased and the spark 

weaker or stronger. If the points are too close 
urrent consumed will be greatly increased without 
ising the operation of the engine and with injury 
e coil. The aim should be to use just as little 
tit as possible and obtain a good spark and proper 
on. The best way to accomplish this is to test 
ow of current with an ammeter placed between the 
ry connection and the coil, and then^adjust the 
intil it consumes the minimum current without 
ng explosions of the motor. If this method is not 
ible it is a good plan to gradually loosen the adjust- 
Tew with motor running until the engine conmiences 
ss explosions. As soon as this occurs turn the screw 

very slowly until the engine runs regularly, and 
it in this position. When the coil is once properly 
ted it should never be changed unless the motor 
s explosions or loses power and the trouble is 
id in the adjustment of the coil, 
e sparking points on a coil will frequently burn 
lar down until they are pitted, are uneven, or stick 
her and fail to vibrate. This may be remedied 
irefully smoothing them off with a fine flat file, 
I better plan is to occasionally change the wires 
the batteries so that the current flows in the opposite 
tion and thus depolarizes the contaet ^o\yv\s>. It 



140 GASOLEME ENCmES ^^^| 

your wires have been connected so that the carbon of tie 
battery led to thf coil and the zinc to the ground, shift 
them so that the zinc leads to the coil and carbon to the 
ground. An important part of all vibrator coils Is the 
condenser (Fig. 8i,G). This consists of layers of tin-foil 
separated by mica or paraffined paper. The sheets of 
foil are connected together alternately and these con- 
nections are then brought across the vibrator of the coil 
through proper wires. The condenser is usually placed 
in the bottom of the coil box, out of sight, and as the 
wires and connections are all inside there is no external 
evidence of the condenser and many users of coils are 
entirely ignorant of its t.xistoncf. The function of the 
condenser is to reduce the spark at the primary break 
(at the vibrator points) which without it would be larger 
than that produced at the secondary terminals of the 
spark plug. This result is accomphshed by the capacity 
of the condenser being just great enough to neutralize 
the self-inductance of the primary current by temporarily 
absorbing the impulse in the primary current at th^ 
moment it is broken by the vibrator. Almost instantly 
however, there is a reverse action and the stored energy 
in the condenser flows back with extreme rapidity anc3 
adds its quota to produce a larger secondary spark. la 
the Orswell and Perfex systems of ignition the coil is 
located in a casing attached to the spark plug, while the 
vibrator and condenser are in a separate case or bos 
near the batteries. This obviates long secondary wires 
where short-circuiting is most likely to occur, and 
produces a hotter and larger spark, owing to lack of 
resistance that will occur where long secondary wires 
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are used. Similar results are obtained by the use of 
cylindrical water-proof coils with vibrator attached to 
the cylinder of engine near the plug, as used on the Gray 
motors, or by a form of coil attached to the plug itself, 
as used in the Solocoil and Caille Perfection systems. 
In either of these latter systems the coil does not differ 
materially from an ordinary vibrator coil, but the length 
of secondary wire is reduced to a minimum and as the 




Pig- 83.— "Connecticut" Plug Coil 



switch is placed on the coil itself only two wires lead 
from the battery to the engine. 

Another form of coil, manufactured by the Con- 
necticut Telephone iSi Electric Co., which has recently 
f'een placed on the market, is designed to overcome all 
the usual troubles of the jump-spark system for marine 
*ork. This coil consists of a water-, heat-, and oil- 
proof casing attached directly to and covering the 
spark plug, thus entirely eliminating a\\ secoTiia-T^ "w«\w^ 
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and at the same time acting as a plug proli-ctor. Only 
two wires lead from the battery or magneto to tht 
engine when this coil is used (Fig. 1.^5) and no shocli 
can be received when adjusting coil or plug. The case 
is covered with a tightly fitting metal cap that locks 
in place by bayonet locks, and the severest tests of this 
coil for injury by heat or water have failed to prevent 
its satisfactorj' action. The plug coil is iUustratod in 
Fig. 83, and as wilt be seen the porcelains are readily 
removable and cost less than a common plug, while Ibe 
position of the coil on the top of cylinder renders it 
very convenient for adjustment or examination. In fact 
this new cojl has all the advantages and none of the dis- 
advantage^ a{ the^Ttrfex or Orswefl systems. It is as 
secure ixoBi short-circuiting as these devices, and in 
addition d^es away with the separate vibrators and con- 
densers with their attendant wiring. Several other 
manufacturers have recently placed similar coils on the 
market, but all operate on the same principle. 

In the earlier forms of jump-spark ignition much 
trouble was encountered through short-circuiting, espe- 
cially in the secondary current or spark plugs, and the 
use of the jump spark was largely confined to cabin boats 
and to stationary and vehicle use. With improved 
coils and magnetos, thoroughly insulated wire and timers, 
and highly developed spark plugs much of this difficulty 
has been overcome and little trouble is now encountered 
with short-circuiting, even in open boats. Usually the 
greatest trouble is in the spark plugs, and these simp's 
and cheap accessories arc often given far less attention 
than they deserve. There Me a lar^e number of makes 
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of plugs on the market — some good, others better, and 
some very poor — and it will always pay to have the 
best and to keep several on hand for emergencies. The 
ordinary types of plugs are shown in Fig. 84, which 
illustrates the forms known as the "Petticoat" and 
"Conical" types, as well as the porcelains removed 
tx) show internal construction. These answer very well 




Fig. 84. — Types of Sianil.ird Plugs and Porcel: 



for stationary or vehicle use, but where used in an open 
boat or under severe conditions of any sort a specially 
constructed plug should be used that will resist short- 
drcuiting to the highest degree. Probably the nearest 
to a trouble-proof plug yet produced is the Reliance. 
This plug in its various forms is illustrated in Fig. 85. 
The porcelains are also shown removed, and the sectional 
view shows the internal construction. These plugs are 
Ptwided with a very small plaUnum po\TA e.'mXi^'i.^iii 
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in the porcelain and ground flush with it. Above this 
and connecting it with the terminal at the top of plug 
is a copper quill and spring which compensates for any 
difference in expansion and contraction between the 
porcelain and metal and also prevents breakage of the 
porcelain by tightening too much on the packing nut. 
The fine platinum point concentrates and intensifies 




Fie- 85.— "Reliance" Plugs and Porceli 



the spark to such an extent that the heat and scouring 
action instantly destroys any short-circuiting material 
around it on the surface of the porcelain. So efficient 
is this action that a Reliance plug will actually spark 
when immersed in a glass of water. 

Notwithstanding this high efficiency they will at times 
short-circuit when hot and suddenly drenched with 
spray or when thoroughly saturated with moisture after 
being exposed to rain or fog. By merely wiping off the 
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outside of the porcelain and rubbing with oil or grease 
the trouble is readily overcome, however, and the spark 
plug will continue to operate as before. Probably no 
plug :an be made that will not occasionally short-circuit 
under evere marine conditions, and the Reliance is 
certainly very near perfection. 
Many other excellent plugs are 
to be had and the choice lies 
mainly with the user; one person 
having far better results with one 
kind than another. The Wright, 
Spit-fire, Never - miss, Sta - rite, 
"Sootless, Red - head, and many 
others are all good plugs and 
give highly satisfactory results 
Several makes are so constructed 
that they may be readily taken 
apart for examination or clean- 
ing, and this is a most valuable 
feature where the plug is difficult 
to remove from the cyHnder or 
is inaccessible. The Breech-block 
plug (Fig. 86) is constructed with 
the porcelain held in position by 
an interrupted screw which is turned by a lever and 
can be almost instantly opened and closed the same 
as the breech block of a modem cannon. The Rajah 
plugs illustrated in Fig. 87 are also readily taken apart 
and consist of but four pieces, all of which are inter- 
changeable and easily removed or replaced. When using 
a high-tension magneto fur ignition separate plugs must 

10 
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be used for the battery and magneto, and this requi 
two plugs in the cylinder. Magneto plugs are especially 
constructed to withstand the high, hot current of the 
machine and are manufactured by almost all spark-plug 
makers. To obviate the use 
of two separate plugs com- 
__ bination plugs with two 

^^k r I f^ terminals— one for magneto 

^^ I I >*^ and one for the battery — are 

furnished. These are known 
as the Edison type, and one 
(if this kind as well as a 
standard magneto plug are 
>h(nvn in Fig. 89. 

A distinct advance in plug 
lonstructiunis found in the 
"E-Z" plugs illustrated In 
Fig. S8. These plugs can 
be instantly removed to 
clean the points or to replace 
porcelains without the use of any tools whatever. The 
lower portion of the plug screws into the cyhnder as usual, 
while the upper portion, consisting of the electrodes and 
porcelain, slips into the lower shell and is fastened 
securely by a bayonet lock. Where plugs are frequently 
removed, or are difficult to get at with a wrench, this 
is a most excellent feature and cannot be too highly 
praised. The plug can also be used as a priming c^ 
or relief cock, for the quarter turn required to open it 
is as easily made as turning on an ordinary cock. The 
joints are held by asbestos and are guaranteed against 




Fig. 87.-Rai,ih Plugs 
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leakage; and a test by the writer failed to develop any 
leak under 350 lbs. air pressure. 

Timers are of many kinds and vary from very simple 
afffUTS to highly finished and complicated devices, but 




Fig. 88.— "E-Z" Plugs 

the function of all is merely to interrupt and complete 
the current of the primary circuit in unison with the 
compression stroke of the motor, so that the explosion 
*ill take place at the proper instant. 

The Amplest form of timer consists of a spring and cam 
(Fig. 90). In this form of timer the ground wire is 
attached to the engine frame (F) and the other wire to 
the terminal A, on the spring B, wMcVi is vns.wX's.Vftii.^xQ'nN. 
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the engine by the fibre block C. The cam D is fastened 
to the valve-gear shaft or to a special shaft operated 
by the motor and so placed that it will bear against the 
spring B at the instant when the explosion should take 
place. The cam, touching the spring, forms a connection 
for the electrical current and hence a spark is produced 
at the plug within the cylinder. As in order to secure the 





( 



Fig. 89. — Magneto and Edison Pluga 



greatest efficiency from a gasolene motor it is necessary 
to explode the gas just before the piston reaches the 
uppermost limit of its stroke, some device must be 
provided to time the spark to take place at different 
points in the engine's revolutions. If the spark was 
advanced enough to give the best results when operating 
at high speed, it would ignite the charge too soon at 
low speed and when starting, thus causing pounding, 
or backfiring, with disastrous results to motor and oper- 
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ator. To accomplish this variation, a shifting device 
known as a spark advance is used. This consists in 
having the spring, or other arrangement, to which the 
insulated terminal is attached, mounted on a pivot 




Fig. 90. 



and Sprin 



which allows the timer to swing in a segment of a circle 
around the cam. By moving the timer backward or 
forward the spark is produced either before or after the 
upward limit of the piston on the compression stroke. 




Fie- 91. — Simple Timei 



The advance may be operated by a short handle or lever 
attached directly to it or may be operated from a dis- 
tance through the medium of rods and levers as in the 
case of automobiles and other vehicles. 
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Other forms of simple Rimers are illustrated in Fig. 91, 
but in all of these the operation is so similar to the one 
described that, a further explanation is not essential. 
These simple timers work very weU for stationary 
engines and many of them are in use on automobiles 
and on marine engines. A peculiar but very satisfactory 
timer for marine engines is that used on the Tuttle 




Fig. 92. — " Tuttle " Timer 



motors and which is illustrated in Figs. 92 and 93. In 
this timer, A represents the eccentric on the engine shaft, 
which also operates the pump plunger P. The eccentric 
rod B is pivoted at the point C to the pump plunger, 
and the upper end is carried out and terminates in a 
holder D carrying a small electric brush, which is 
backed by a spiral spring shown in the section at E, F. 
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Fig; 93. — v'Tullle" Timing Device 
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Near the top of the cylinder of the motor there is placed 
a circular bronze disk, pivoted to the cylinder and 
provided with metallic inserts surrounded with insulating 
material ground flush with the surface G. The terminals 
from the wires are fastened to these insulated inserts and 
the ground wire attached as usual to the engine frame. 
In operation the eccentric rod bearing the brush which 
presses against the timer-disk by means of the spring F, 
revolves in a circle of the same circumference as the timer 
disk. As the brush passes over the insulated inserts 
an electrical connection is made and a spark produced, 
but while passing over the rest of the surface no spark 
is produced as this portion of the disk is thoroughly 
insulated from the terminals. By moving the disk 
backward or forward by the lever H, the spark is 
advanced or retarded. 

The timers now generally used are enclosed in tight 
cylindrical cases and are operated by a timer shaft 
in the case of two-cycle motors (see Figs. 38 and 39, S) 
or are attached to the valve cam-shaft in four-cycle 
motors. They are of two general styles — roller contact 
and spring contact — and those two types are shown in 
Fig. 94. Their operation is so simple and so similar to 
those already described that no explanation is required, 
however. 

Many more complicated forms of timers are in use, 
such as Monitors, Unisparkers, Distributors, etc., but 
these are generally used for special magnetos or dynamos 
or with certain kinds of engines or very highly developed 
and complicated motors for vehicle or racing use. Full 
explanations and directions for their use and operation 
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are always furnished by the makers, and the amateur 
should never attempt to regulate or repair one of these 
delicate instruments. A very successful system is 
known as the Delco, in which one unit embodies a timer, 
a means for advancing and retarding the spark, and a 




¥ig. 94. — Roller and Spring Timers 

high-tension distributor. This entire combination is 
known as the "Distributor" and requires but one coil 
for any number of cylinders. The distributor is rigidly 
mounted on the engine and does not rotate as does the 
ordinary timer. The spark control is effected by moving 
a iever on the side of the case, and this eliminates all 
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moving wires and makes possible better mech 
construction. The distributor is illustrated in Fi 
The distributor is used in connection with a i 
relay, and a switch, and these are furnished 




Fig- 95 — 






separately or combined within a common case oi 
The relay is the apparatus for breaking the pr 
circuit and takes the place of vibrators on ord 
coils as it acts for each cylinder in turn as the 
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mutator or timer makes connection. From the ordinary 
vibrator it differs, inasniuch as it uses but one spark 
for each contact instead of several. This relay is the 
only moving part of the entire system, and is very easily 
adjusted or regulated. This Deico system has been 
adopted with great success by many motor-manufactu- 




Fig. 95- 



rers, and is used on many of the leading automobiles. 
As a rule, however, the simpler and more accessible the 
timer and ignition system the better, for nine-tenths of 
motor troubles are due to faulty ignition and the simpler 
the entire electrical system is made the more readily can 
'he operator locate his troubles. Small, delicate, or 
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intricate parts should be avoided, and in this respect 
the jump-spark system far excels the make-and -break. 
In the latter system of ignition a simple primary coil 
is used and no vibrator or timer is required. This greatly 
simplifies the electrical apparatus, but the number of 
small parts, springs, etc., used in the igniter render it 
liable to many troubles absolutely unknown to the jump- 
spark ignition. 

Several forms of make-and-break igniters are shown in 
Figs. 40, 96, 97, 98, and in each the operation is very 
similar. Within the cylinder a stationary electrode A 
is placed, to which one of the wires from the coil is 
fastened. On the outside of the cylinder there is attached 
a sliding rod M, operated by the eccentric rod C. Above 
this slide rod is a plunger B, which is held pressed 
downward by a stiff spiral spring /, bearing against a 
thimble /. Within a recess in the slide rod is an angular 
dog F, held forward by the spring L, and which bears 
upon the lower end of the thimble / or plunger H, thus 
lifting it against the force of the spring / when the 
eccentric rod and slide move upward. Fastened to the 
cylinder is an adjusting screw G which bears against 
the dog F, and trips it from the end of the thimble 
/ or plunger H, thus allowing the latter to be forcibly 
driven downward by the action of the spring J. Between 
the top of the slide bar M and the thimble / a rockei" 
arm C is placed, which is connected to a spindle D^ 
bearing on its inner end within the cylinder a movable 
electrode B. When the slide moves upward, bearing 
the dog and plunger with it, the rocker arm is forced- 
up to follow the spindle by the spring K, thus bringing 
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the movable electrode B into contact with the permanent 
electrode or spark plug A, and completing the electrical 
circuit. As the slide bar reaches its upward limit the 




Fig. 96. — Make-and-break Igniter (Opcrai 



screw G trips the dog from the plunger, and the latter 
on its downward travel brings the thimble against the 
rocker arm C and thus snaps the movable electrode B 
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away from the spark plug A, creating a sudden, 
spark between the two. 

The igniter may be timed to advance or retard 
spark by screwing the adjusting screw G either u 
down, and may be still further adjusted by sere 
up or dowrk the spark plug v 
by loosening the set-screw 
connects the rocker arm to 
spindle and allowing it to set 
varying angle with the mo' 
electrode. In the form of ig 
illustrated the spark pluf 
screwed into the cylinder I 
and the rocker spindle is insi 
through the cylinder, enclosed 
bushing E. This form is in 
use, but it is often essenti: 
remove the rocker electrodt 
repairs or cleansing and to dt 
requires considerable time 
work. To overcome this diffi. 
several makers have adopte 
igniter which is entirely self 
tained in one piece, and which bolts onto the cy! 
with its inner portion projecting inside. Such an ig 
is illustrated in Fig. 98, in which the lettering is the 
as already described and identical with that in Fij 
The make-and-break system has the advantage of I 
practically water-proof, for it is operated by a 
tension current and is free from short-circuiting troi 
For this reason it is a great favorite with fisher 
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ermen, and other users of open boats; but its dis- 
.ntages in my mind more than offset its good points, 
sparking points of the two electrodes frequently 
me foul with dirt or soot and the low-tension spark 
t sufficiently hot to burn this off as in the jump-spark 

iie continual banging or hammering together of the 
electrodes soon wears away the points, necessitating 




Fig. 98. — Self-contained Ignite 



uent renewal and adjustment; the spindle of the 
£1 arm often becomes gummed or stuck with oil 
list, causing missfires or breaking of the spindle or 
er; the set-screw holding the rocker to the spindle 
1 breaks or wears loose, allowing the rocker to ■wQit 
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on the spindle without operating the interior electrode; 
springs lose their strength or break; and the mica 
insulation of the spark plug often breaks, or becomes so 
filled with oil and soot that it fails to act as an insula- 
tion. In addition to all these defects the make-and- 
break system is very noisy and dirty and requires 
constant care and attention. Many make-and-break 




Fig. 99. — Make-and-break Igniter Altered to Jump-spark 



motors that are practically worn out may be given £ 
new lease of life by converting them into jump-spart 
motors. This is usually very easy and inexpensive 
If the igniter is of the external type illustrated in Figs 
40, 96, and 97, it is only necessary to remove the rocket 
and spindle and plug the hole; remove the plunger 
plunger spring, thimble, and rocker spring. Fasten s 
piece of fibre — to which a terminal and spring is attache< 
— to the slide guide and replace the make-and-breaJ 
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plug with a standard jump-spark plug. This trans- 
formed igniter is shown complete in Fig. 99. The dog 
on the slide bar coming into contact with the spring A 
makes the electrical connection and causes a spark in 
the cylinder. By placing an adjusting screw through 
the fibre block B, as shown jn C, the spring may be 
pressed up or down at will, thus retarding or advancing 
the spark. In the case of motors having a rotary pump, 
or provided with a self-contained igniter, it is often 
easier to attach a regular timer to the pump shaft or to 
a special shaft operated by gears on the engine crank 
shaft. Of course in any case where the system is changed 
from the make-and-break to the jump-spark it is 
necessary to substitute a vibrator coil for the primary 
coil used in the old make-and-break arrangement. 
11 



CHAPTER VII 

Mufflers and Exhaust Devices — Governors — Fuel and Fuei 
Consumption — Oils and Greases — Installation — Pipinc 
AND Wiring — Gaskets and Packings — Adjustments — Gen- 
eral Care of Motors. 

A VERY important part of a gasolene motor is th< 
exhaust. As the burnt gases leave the cylinder at 2 
speed of from 6,000 to 12,000 ft. per minute with a 
pressure of from 25 to 35 lbs. per square inch, it wil 
be seen that it is of the utmost importance that th( 
exhaust opening is of ample size to allow the gases t( 
escape without creating a back pressure in the cylinder 
In four-cycle motors the exhaust valve should also b( 
large enough, and with sufficient Uft, to allow the gases 
to escape quickly and completely during the scavenging 
stroke. If the exhaust gases were allowed to escape 
freely into the air there would be Uttle danger of bad 
pressure in the cylinder, but the speed and pressun 
of the gas would cause loud explosive noises and con- 
siderable flame; to overcome the disagreeable nois( 
various devices are used, known as "silencers" oi 
"mufflers." Mufflers and silencing devices are of i 
great variety of designs and construction, but th( 
object in all is to overcome the noise to the greatest 
possible extent without creating back pressure. If th( 
exhaust can be quickly cooled after leaving the cylinder 
or if the gas can be allowed to fully expand befon 

reaching the air, very Uttle noise will result. 
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Many motors intended for marine use have an auxil- 
iary exhaust chamber as an integral portion of the engine. 
In the Gray motors this chamber is merely an enlarge- 
ment of the exhaust opening, but being water-cooled 
it serves to allow the gases to expand In addition to cool- 
ing them, thus materially reducing their pressure 
(Fig. loo). In other engines the auxiliary exhaust 
is in the form of a separate chamber or box attached 




Fig. 100. — "Gray" Auxiliary Exhaust 

to the cylinder by bolts and is either water-jacketed 
or arranged with a valve that allows a certain amount 
of the circulating water to pass directly into the exhaust 
8^ses. Such an auxiliary exhaust chamber is illus- 
trated in Fig. loi. 

On marine engines, it is customary to lead all or a 
portion of the circulation water into the exhaust pipe 
or muffler and thus cool the gas and reduce the pressure. 
^ the case of vehicle or stationary engines this cannot 
oe done to advantage, as the water used for cooling is 
generally confined to a definite amount which passes 
through a radiator or cooling device and is used over and 
over again. In air-cooled motors tVieie \s c^l cwxy^^ 
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no method of passing water into the exhaust. 1( the 
exhaust is merely Icil into a large cylinder or chamber 
before reaching the air, the gases will expand and will 
pass out with but little noise. For stationary use suth 




expansion-chambers, if of ample size, will usually prov ^^™ 
efficient as a silencing device, an old cask or barrel, 
even an inverted box. often being all that is require 
with small motors. In the case of large motors a cemei 
or brick chamber is often u=«d, a.tid tVaa ca.n easUy l^^^ 
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made large enough to permit full expansion of the gases 
and practically eliminate the sound of the explosions. 
In marine service there is often an under-water opening 
to the exhaust, but before leading the exhaust outboard 
an expansion chamber of ample size must be connected 
with the engine. With two-cycle motors there are many 
objections to the use of an under-water exhaust. The 
exhaust port being open during a considerable portion of 
the operation of the motor, combined with the fact that 
the explosive impulse and the inrushing fresh charge 
are the only methods of carrying off the burnt gases, 
often results in water or steam working back into the 
cylinder. 

In a four-cycle motor the exhaust valve is closed 
against any back pressure during the entire intake 
stroke, and the burnt gases are forced out by the pressure 
of the piston during the scavenging stroke. For these 
reasons there is little chance of water or steam getting 
^to the firing chamber. Wherever an under-water 
^^aust of any kind is used, however, it should be pro- 
dded with a relief cock at its highest point of piping, 
^ well as a drain cock at its lowest point; and it is also 
Sood practice to provide a three-way cock or valve at 
^tne point of the pipe in order that the exhaust may 
^^ turned oflf from its under-water connections and 
^^flected through an exhaust pipe leading to the air 
^l>ove the water line. The valve connecting the under- 
water exhaust should always be turned oflf when the 
^^gine is to be idle for any length of time, for no matter 
'^ow carefully the exhaust is installed or how far above 
^he water Une the motor may be, there \?> a.Vw^^^ ^ v^ssvxv^^ 
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than the water line, thus allowing ti 
sink. The relief valve should alway. 
starting the motor to avoid the possi 
water working back into the cylinde 
should always be kept open when the d 
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the pipe it will often draw back into the motor when 
first cranking it to start. 

Until a motor gets well under way it is often very 
difficult to get good results with an under-water exhaust, 
and in such cases the three-way valve will prove very 
convenient, for by its use the exhaust can be deflected 







Fig. 104. — Underwater Exhaust Connections 

mto the air until well started, when it can be turned into 
the under-water connections. 

Various methods of leading the under-water exhaust 
out from the bottom of the boat are in use, but the best 
method is to use an under-water exhaust head of some 
sort. A very good form known as the Reid is shown 
in Fig. 102. This is fastened to the side or bottom of the 
boat and connected with the exhaust pipe as illustrated 
in Fig. 103, a thin piece of rubber being placed between 
the planking and the head to make a water-tight joint. 
The arrangement of expansion chamber, exhaust pipe, 
three-way, relief, and drain cocks, and outboard head 
are shown in Figs. 104 and 105. In place of cooling or 
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expanding the exhaust gases in order to reduce the noise 
a system may be used by which the rapidly moving 
volume of gas is broken up into innumerable small jets 
before reaching the air or by so retarding a portion of the 
gas that the exhaust reaches the air in a continuou? 
or nearly uniform stream or jet. The fact that a steady 
stream of exhaust gas makes less noise and commotion 




Fig. 105.^ — Underwater Exhaust Coanecdons 

than alternating jets renders the exhaust of a multiple- 
cylinder motor far easier to silence than that from a- 
single-cylinder engine. In order to break up the volume 
of exhaust gases various devices are used. In the oldec" 
forms of mufflers the exhaust was led into a chamber 
or casing filled with stones, pebbles, or coke (Fig. 106) 
which served to break up the gas into many small jets 
before it reached the air. Another form, shown in 
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Fig. 107, consists in a casing and a perforated pipe leading 
from the exhaust port of the engine. The gas, leaving 
this pipe through the numerous small holes, loses much 
of its pressure and speed and divides into many jets. 
As some of these are far nearer the opening to the air 




Fig. 106.— Muffler with Pebbles 

than others, the gases finally leave the silencer in a 
more or less continuous stream. If a second pipe of 
larger diameter is placed in the muffler, as illustrated 
in Fig. 108, still better results are obtained. Such 
mufflers are used considerably, but usually are rather 




Fig. 107. — Muffler with Perforated Inlet 

inefficient and often create considerable back pressure. 
Other forms of silencers consist of' hollow chambers 
provided with segments or plates perforated by small 
holes and set alternately in the chamber. This style of 
muffler is shown in Fig. 109, and if properly designed and 
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of ample volume is quite effectual and creates little 
back pressure. 

The well-known Yankee mufBers are constructed with 
a combination of these two systems. Sectional views are 
shown in Figs, no and iii. The gases entering at A 



-4 



D 



Fig. loS.— Muffler with Perforated Pipes 



partly pass through the perforations at B and are partly 
deflected by the partition C and the interior of the pIpe/J,,' 
and then expand in the chamber E. From this chambW 
they pass thrdugh the opening in the plate at F and 
hence through perforations in the outlet pipe at G and. 




Fig. 109.— Baffle-plate Muffler 

into the air through the tail piece H. In the Ejector 
muffler a very different system is used. This is illustrated 
in Fig. 112. It consists of three expansion chambers, 
A, B,C. which are separated by conical plates, D, E, F, 
perforated at top and bottom and arranged in two sets. 
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The central tube G, leading through the muflBer, is of 
varying diameter and a portion of the gases from the 
exhaust passes directly into the central chamber B 
and hence through the second set of cones D, E, F (2), 
before the gas which enters the first chamber A has 




Fig. no.—" Yankee" Auto Muffler 

passed through the first serjies of cones /?, E, F (i). 
A small portion of the gas is also led straight through the 
central pipe G to the outlet at a very high velocity. 
This creates a partial vacuum in the third chamber C, 
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Fig. III. — "Yankee" Marine Muffler 

^d the gas moves rapidly from the second chamber B 
^ fill the partial vacuum in the chamber C. The for- 
ward movement of the gas through the first and second 
chambers i4, 5, to the third C, causes a sudden expansion 
which removes the heat from the gases and reduces the 
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', into the chamber E. The hot gases 
iter instantly lose their heat and pressure 
that the cooled gases then issue quietly 
ber by the outlet G. Any excess of water 
■ by a drain cock B at bottom of silencer, 
rectly to the bot- 
at. The Thermex 
in a similar man- 
trated in Fig. 114. 
;r forms of excel- 
re in use, and new 
stantly being de- 
it on the market. 
lich the gases are 
or whirling motion 
isfactory; and si- 
ren used in which 
; led into a casing 
le fly-wheel which, 
d with fans or 
is a blower. Whatever style of mufSer, 
lansion chamber is used, care should be 
; the same of ample size to accommo- 
ist gases without back pressure. A vol- 
imes the square of the piston diameter 
te will usually be large enough, but even 
it conditions the perforations or other 

mufiler will frequently become clogged 
list and the silencing device and exhaust 

be frequently examined and cleaned, 
I excess iif oil is used. 
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Whenever a motor is used under conditions of varjing 
load or work, some method must be used to prevent 
the engine from racing or speeding up when running 
free and at the same time allow it to operate at its 
maximum speed and power when worldng. Such dexices 
are known as go\'ernors. and are used principally on 




Fig. 114. — "Themifx" Silencer 

stationary motors. Many large marine motors as we" 
as numerous vehicle motors also use governors, and their 
use adds much to the life and efficiency of any motor of 
considerable size and power. There are various melb- 
ods of governing, the principal kinds being Hit-or-misSp 
Throttling, and Varying Ignition. In the hit-or-miss 
the action of the governor is to shut off the fuel supplVi 
open or close the exhaust valve, shut off ignition, or dis- 
engage the valve mechanism. In the throttling method 
the fuel supply is reduced or the explosive gas throttled. 
In the varying-ignition system the governing is accom- 
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)Iished by cutting ofE the current from the sparking 
ievice or by varying or timing the point of ignition. 
in Fig. 115 is illustrated a form of governor which 
grates by preventing the exhaust valve from opening. 
Vhen the speed of the engine exceeds its normal limit, 
he balls A move outward, causing the cam B to be 
loved to the right by the action of the dogs C on the 




Fig. 115. — Exhaust Valve Governor 



governor arms D, which are held in a grooved collar E 
31 the sleeve F. The end of the cam B is thus prevented 
from acting on the roller G, until the motor falls to its 
wtmal speed, thus preventing the valve mechanism 
from operating the valve. Ordinarily the cam is held 
m position by the springs fastened to the governor balls, 
"hich hold the cam against the shoulder of the bearing / 
if the cam shaft /. 
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Another form of governor, shown in Fig. ii6, may be 
used in connection with any of the governing methods 
mentioned, but is particularly adapted to throttling 
methods. The two balls ^, ^4 are rotated through any 
convenient method of con- 
nection with the motor, and 
in the illustration are rep- 
resented connected by bevel 
gears B, B. As the speed of 
the motor increases the balls 
swing outward as indicated 
by the arrows, thus com- 
pressing the spring C, and 
pushing down the stem />, 
by means of the collar E ; 
as the rod moves down, th^ 
valve F, at its lower end , 
moves past the holes G,W -3 
which admit the charge o^ 
vapor, and thus graduall;^p' 
throttles the charge tha^ t 
passes to the engine throug I^ 
H. 

In Fig. 117 is shown a 
governor which operates on the hit-or-miss principl^^- 
When the motor races or runs beyond the norm^^ 
sneed the action of the balls causes the blade A ti^" 

move away from the notched valve lifter B, thi ^s 

throwing the valve out of action. A governor of tkr~ie 
inertia type is illustrated in Fig. 118. In this forr -■'. 
if the engine attempts to run above normal spec-*!. 




Fig. 116. — Ihrotiling Go\ 
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the lower end of the double lever A will be depressed by 
the cam 5, and the valve lift C will be thrown out of 
engagement with the shoulder /?, thus preventing any 
action of the valve until the motor speed drops to normal. 
Various other forms of governors are in use and these 
may be attached to a bracket fastened to the engine 
frame or may be bolted to the fly-wheel or cam shaft. 
In the Twentieth Century motors a centrifugal governor 




T T 

Fig. 117, — Hit-or-niiss Governor 

is fastened to the fly-wheel and through properly ad- 
justed springs and rods is connected with the carburetor 
throttle. Governors are usually properly adjusted to 
give the best results when the motors leave the makers; 
and unless they become loose, broken or worn, or very 
evidently out of adjustment they should not be meddled 
ivith. As most governors depend to a large extent upon 
spring action, any rust, corrosion, or dirt on the latter is 
liable to affect the operation of the governor, and care 
should be taken that they are kept free from dirt and 
rust. They should also be frequently lubricated, but 
good machine oil and not cylinder oil should be used 

for this purpose. 
12 
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Various fuels are used in operating intemal-combustioo 
engines and practically any grade of gasolene, benzine. 
or naphtha may be used to operate a gasolene motor 
with slight variations in carburetor adjustments. Poor, 
stale, or dirty gasolene will often give poor results, and 
as a rule the lower grades are not so economical as the 
better grades. Moreover, poor fuel results in an excess 




1 



Fig. ii8. — Inertia Cover 



of carbon and soot and should be avoided as far 
possible. Many gasolene motors will run very well 
denatured alcohol or kerosene if first started with g 
lene. There is really but little reason for using these * 
fuel, however, for gasolene gives so much better c^m-J^ 
and so much less soot and carbon that it more tix^" 
makes up for the additional first cost. Sometimes, hc^vv- 
ever, the operator ol a motot ■wX^ Wi Vwns^ ■ivos'. 
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of fuel where no gasolene can be purchased. At such 
times, if the motor is started and well heated on gasolene, 
kerosene or alcohol may be used. It is always a good plan 
to carry a small quantity of your regular gasolene for 
use in an emergency, and this should never be used until 
absolutely necessary. The fuel consumption of a gasolene 
motor depends a great deal upon the care with which 
the carburetor is adjusted in order to use the minimum 
amount of fuel to obtain the best results; the accurate 
timing of valves and ignition, and the original design 
and construction of the motor. A two-cycle motor will 
use more fuel than a four-cycle, and a multiple-cylinder 
rnotor will use more than the same number of separate 
cylinders. Another item which enters quite largely 
nto fuel consumption is the temperature of the cylinder, 
fhe best results are obtained when the temperature of 
he water in the jacket is kept at about i6o degrees 
""ahrenheit. With this temperature, high-grade fuel, 
^d careful operation the average engine wiU consume 
bout I i/s pints of gasolene, or about 15 ft. of natural 
3.S, per horse-power per hour under full load. Engines 
hat will bum gas satisfactorily will usually bum gaso- 
-ne, and vice versa, but it is best to have the motor 
^ranged to consume a certain kind and quality of fuel, 
^any manufacturers provide devices for using kerosene 
11 gasolene motors; and if kerosene is to be used it is 
«ir better to use such a device, or else purchase a regular 
^il engine, than to try to operate a motor intended for 
>asolene or gas by crude oil or kerosene. 

Many operators of gasolene engines give very little 
^e to the oil and grease used as lubnc^xds. TV^is^ V5» 



also, a heavier oil can be used tha 
eveo the best of gasolene-engine cy 
up in cold weather. Many moto 
or cylinder are so badly worn as 
wiU operate very successfully if 
of oil, and in two-cycle motors a j 
oil or grease on the bearings result 
pression and more efficient servi 
steam-engine oils should never be 
cylinder. The terrific heat in the 
any but oils made especially for tl 
or low-grade oils will form excess 
Oil is cheaper than motors and t 
market is none too good for the 
Machine oil is very good for extei 
purpose is superior to cylinder oil; 
used it should be of a high grade t 
stick. 
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grease should be smooth, clear-colored, clean and soft 

in any weather. The hardness or softness of a grease 

used should be determined by trial, and any reputable 

manufacturer of oils and greases will gladly furnish 

samples of the various grades. The grease used should 

be heavy enough so that it will not run and spread, and 

should be soft enough to feed easily and regularly through 

the grease cups. The oil used should always be strained 

before being placed in the lubricators, and if at any 

time the oil is found to contain any trace of grit or dirt 

it should be at once discarded and all oilers, oil-pipes, 

and bearings thoroughly cleaned with kerosene and 

gasolene before using new oil. The amount of oil to be 

^^ to any motor, or to any part of a motor, depends 

Wgely upon the make, the age, the care, and the work 

^f the engine as well as upon the grade of the oil, A new 

engine should be given a liberal supply of oil until well 

^I'oken in, when the supply can be cut down somewhat. 

•I^oo much oil will cause soot and carbon, but too little 

^^ill result in wear and cutting, and of the two evils 

^^ is far better to use too much than too little. 

When stopping the motor the oil should always be 
^Vimed ofif, as otherwise an excess may get into the 
^i^linder. If a mechanical force-feed oiler is used it 
^ill take care of itself in this matter. An excess of oil 
^^ readily determined by smoke from the exhaust, and 
^ smell of burning or hot oil. If the proper amount of 
^il and a correct mixture of fuel are being used, the 
Exhaust will be almost colorless or of a faint bluish tint. 
Xf too much oil is used the blue will increase until a dense 
bluish or yellowish smoke issues Irom XJti^ ^^^aa.M^\.« ^ 
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the mixture of air and fuel is too rich— that is, contaii 
too much gasolene — the exhaust smoke will be eitli< 
black or dense and white with a sharp, choking, pungei 
odor. 

Most engine-makers furnish directions as to U 
proper amount of oil to be fed the various parts, ai 
these should alwaj-s be observed. Few moving pat 
of a motor require less than six drops per minute aj 
few need more than fifteen or twenty, but in winl 
the adjustment of the lubricators must be altered 
suit weather conditions in order to supply the prop 
amount of oil. 

The installation of a gasolene motor seems a ve 
easy matter, but really many excellent engines fail 
give proper service or satisfaction owing to careless 
improper installation. In vehicle motors this fault 
not common, as the makers of motor-propelled vehic' 
install the motors themselves and usually see that it; 
properly done. Stationary motors that are mar 
factured mounted on trucks, frames, or skids are a. 
usually free from faulty installation, but stations 
motors set up by the purchaser and especially mari 
motors, are often so badly installed tiiat it is suiprisi 
that they work at all. 

The first consideration in installing a motor is the b' 
For stationary engines the character and material of i 
beds depend largely upon the space available, * 
material at hand, and the location. Brick, stol 
cement, and timbers ail make good beds, but perha 
the most satisfactory method is to mak&.a good so 
bed oi concrete in wtucli tiTn.\«xs ^Vould be embedd 
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just far enough apart so that the bed-plate of the motor 

may be bolted to them. The timbers should be of 

ample size, and, to hold them firmly in the cement or 

conaete, spikes oi: bolts should be driven into them at 

intervals before burying in the cement. The cement 

bed, as well as timbers, should be smooth and level, 

but a space under and around the motor may be made 

depressed to catch any water or oil, and drains may 

be led from this. If after finishing the bed the timbers 

are found out of level, they may be easily levelled up 

by thin shims, or bits of wood or metal, placed between 

them and the engine bed-plate. In placing the motor 

^are should be taken to see that it is so placed as to afford 

^e greatest facility in reaching any and all parts of it 

^d at the same time it should occupy as little space as 

possible. The engine may be bolted to the bed either 

by lag-screws through the holes in the bed-plate and well 

^t into the timber, or by bolts put through the timbers 

before embedding. The bed-plate may then be set over 

these bolts and held in place by nuts. In either case 

^a-sliers should be placed between the head of lag-screw 

^d engine bed-plate or underneath the nuts. The 

^'^ews or nuts should be screwed in gradually, first at 

^i^e comer, then at another; and one bolt or screw 

should never be fully tightened up before setting up 

^^other, as this will often bring an unequal strain and 

^^se a crack or break in the engine bed-plate. 

For large stationary motors the beds should be made 
of solid concrete or bricks set in concrete, and on top 
of this a flat heavy slab of flagstone or granite should 
^placed. The bed should be earned dowcL \.Q\iax^-^'^^ 
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should then be embedded in the cement. Such a method 
is shown in section in Fig. 119. 

Mufflers and exhausts on stationary engines should be 

well covered or protected with asbestos, for they become 

v^ery hot and are liable to cause bad bums or even 

set fire to some object that happens to come in contact 

with them. Exhaust pipes, where led through a wooden 

W'all or partition, should be protected, and a metal collar 

should be used over the hole with a space of at least 

one inch between the pipe and the nearest wood. The 

outer end of the exhaust should be led away from all 

surroimding objects or walls and should never lead 

^to a chimney, water or steam pipe, smokestack, or 

^ther confined space. If this is done unbumt charges of 

835 may enter and later explode by flame or heat with 

^rious results. If a wooden bed is used it should be 

^'"nrily mortised or bolted together and should be securely 

^^stened to the flooring or ground. Many engines are 

&Ven far too light a bed, and when under full power 

^^IX jump and vibrate tremendously. A good bed 

should be strong and steady enough to hold the motor 

^^'Wn immovably under its highest speed and greatest 

A^en installing a marine engine the method is gov- 
^^^ed to a great extent by the boat, the timbers, and the 
Accessibility of the location. Timbers for a boat engine's 
^^^ should be of well-seasoned hardwood of ample size 
A*^d strength, and should be securely bolted to ribs 
A^d keel, but not to the planking. A very good plan is to 
^Se two long timbers running lengthwise, or fore and aft, 
^ the boat and fastened to the ribs. Across these the 
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bed timbers shtiukl be bolted and these should also be 
securely fastened U> the keel. In a flat-bottomed boat 
timbers may hv set across the boat, bolted to keel and 
sides, and the- engine-bed bolted lengthwise of these 
(Fig. 120). This method takes the jar and vibration 
from the floor boards and planks. Great care should 




Fig. IJO. — Engine Beds in Buat: 



be taken in getting a marine engine level and in absolute 
line with the shaft; a very slight deviatioa will cause 
enough friction on the shaft to stop the engine or hol<J 
it down to only a fraction of its speed and power. I 
have seen a ten-horse-power motor that could not b€ 
turned over more than one explosion owing to a bend in 
the shaft so slight as to be scarcely perceptible to the eye. 



THEIR OPERATIOV, USE, AXI) CARE 1S7 

Where it is difficult or impossible to get a perfect 
alignment, or where there is a constant vibration or 
motion, the shaft should be connected through a uni- 
versal joint. Flexible unions, elbows, joints, and 
stufling boxes may also be used if desired. In vehicle 
construction with a shaft drive imiversal joints cannot 
^ell be avoided, and in many high-powered and racing 
boats they are also used to great extent; but it is better 
to avoid flexible connections as far as possible, as they 
are expensive, cumbersome, and must be given con- 
siderable care if they are to prove efficient. 

The exhaust piping in a boat can be so readily cooled 
by admitting a part of the circulating water that there 
IS no excuse for its ever burning or scorching anything, 
but nevertheless it is a good plan to have it well pro- 
tected and led in such a way that it will not be in the 
^ay of p)eople passing to and fro. A marine motor, 
inore than any other, should be handy and accessible 
and ample room should be left on all sides to allow it 
to be adjusted, taken apart, or cleaned readily, and the 
^rain cock in base should be within easy reach. It is 
usually most convenient to have the exhaust on the port 
and the intake on the starboard side where the operator 
^its behind the motor, but the arrangement of such 
Matters must be guided by the conditions in each par- 
ticular case. In installing any engine the exhaust 
Silencer should be as near the motor as possible, and the 
exhaust pip)e should be as short and with as few bends 
^d turns as can be arranged. Where right angles must 
^ naade in an exhaust pipe two forty-five-degree elbows 
should be used instead of one common elbow, and tees 
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should be avoided as much as possible; they always ba 
pockets which are a nuisance. Connections as far 
possible should be made witli flanges or flanged unio: 
as ordinary screw unions and right-and-left couplir 
soon become so foul and corroded as to be impossil 
to disconnect. The exhaust in a boat should always 
so arranged as to slant downward from the motor 




I. — Marine Exhaust properly Installed 



the outlet, for even if far above the water line a wa' 
may now and then wash into the exhaust. 

If a long exhaust pipe is unavoidable it should < 
gradually increased in size, and it is a good practi 
to always use a larger-sized pipe at every turn of t 
exhaust pipe beyond the first. For connecting up j 
exhaust pipe lead and oil should never be used, as 
soon burns out and either leaves a leaky joint or cemen 
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the joints together into a solid mass. Cylinder oil and 
graphite make an excellent joint, and even linseed oil 
and graphite is very good. Where a solid and permanent 
job is desired the joints may be made with red lead and 
molasses, or with litharge and glycerine, or with a cement 
composed of sulphur, iron filings, and sal-ammoniac 
mixed into a thin paste with water. Well-fitting threads 
may also be well cemented together by the use of sal- 
ammoniac and water alone. Where the boat is intended 
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Fig. 122. — Installation of Exhaust above Water-line 



for salt-water use the exhaust pipe should be of galvanized 
iron, and this is far better than black iron even where 
used around fresh water or for stationary motors. A 
sample of a well-installed marine exhaust is shown 
in Fig. 121. This illustrates an under- water exhaust, 
while Fig. 122 shows methods of exhaust piping when 
above the water line. In Fig. 123 is shown the method 
of properly piping a stationary exhaust where it was 
canied a long distance and several turns had to be made. 
The water-circulation pipe connections should be 
niade with care, for a small air leak in the intake will 
often cause failure of the pump, and a leak \tv the outlet 
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is very messy and disi^;reeable in a boat and wasl<;[ul 
of water in stationary or vehicle use. Brass pipt is 
advisable in marine work, althou^ for fresh-water use 
galvanized pipe answers very well. Connections on 
water pipe may be made with whitx? or red lead and oil, 
and common unions may be used, although for many 
reasons Hange unims are better. Turns in water pipe 
are not as objectionable as in the exhaust, but ue to b> 
avoided as far as possible, and the fHiung ahouM ahn? 




Fig. 123.— Installation of Stationarj' Engine Exhaust 

be provided with drain cocks at the lowest points in ord£ 
to draw off the water in cold weather. Hose conned 
tions are bad and should never be used where they ca, 
be avoided. They are uncertain at the best and soon ro"" 
Moreover, they become soft and are Uable to collapS 
with suction and shut off the water supply, while piece 
of the fabric or rubber arc always likely to work looS 
and get into the pipe, valves, or pump and cause troubl* 
At the intake of a boat's water system there should be 



THEIR OPERATION, USE, AND CARE 191 

^Irainer, and a cock should also be provided for shutting 
off the intake when not using the boat. Many a boat 
W filled and sunk through a loose or broken connection 
and lack of a valve to shut off the water. In connec- 
lioi with the water system, where a small part of the 
wter is turned into the exhaust, a three-way valve will 
!» found most useful. A valve of this sort, made by 




Fig. 1S4. — " Detroit " Three-way \'alve 

the Detroit Lubricator Co., is illustrated in Fig. 124, 
°y the use of such a valve any amount of water desired 
•^ay be admitted to the exhaust or it may 1k' turned iilT 
'Completely and all the water led overboard direct. 

In making up the gasolene pipe more care should be 
^sed than in any other part of the various pipes and 
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connections. A small leak in this pipe may 
fire and destruction or even in loss of life, fc 
drop or two of gasolene now and then will 
enough gas in a boat or small building to blow it 
In open boats the greatest danger lurks in thi 
around the tank, but in cabin boats, or in < 
buildings, the entire place may be filled with 
will explode the moment a fiame is brought int 
with it. Even in motor vehicles a leak in a pip 
may allow gas to form which will ignite by a 
cuited wire or a carelessly dropped cigar or cigai 
nearly every case of gasolene fires or explosic 
motors can be traced to a leaky connection or 
All joints in the gasolene pipe should be m 
shellac or with common laundry soap, as any 
containing oils is useless. Where brass pipe is 
connections should be carefully threaded and 
up tight. A good, clean, new thread will hold 
without anything else. Where a flexible tube 
should be of soft copper and all the unions or coi 
should be soldered or brazed in place. Where a 
pipe is subject to any vibration or jar a looj 
should be provided to absorb vibration (Fig. 
and the pipe should frequently be looked over f 
or cracks. A cock should always be placed at 
so that the supply may be readily shut off (Fij 
and a strainer should be provided to catch any 
dirt in the gasolene (Fig. 125, H), Lead or 
pipe is to be avoided. It is easily bent or ci 
apt to be punctured, it corrodes and forms s 
sediment in the gasolene, and in case of fire i 
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melts, thus allowing more gasolene to run out and feed 
the flames. 

Careful attention should also be given to the gasolene 
tank. It should be of copp>er or galvanized iron of ample 
capacity and the feed pipe should be connected a short 
distance above the lowest portion. This will prevent 
any dirt or water in the bottom of the tank from work- 
ing into the feed pipe. At the lowest point in the tank 
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Fig. 125. — Gasolene-Pipe Installation 

^^re should be a drain cock from which the collection 

^* Sediment and dirt may be drawn from time to time 

^^ig. 125, Z?). This drain in a boat should lead over- 

P^ard and thus avoid danger of the gasolene getting 

^to the bilge-water. A cock should also be placed in 

y^e feed pipe close to the tank so that the supply may 

^^ entirely shut off at any time (Fig. 125, R). The filler 

^^le in the tank should be covered with a screw toj) 

'*^ig. 125, B) and a small air vent made in the side of 

^^is cap (Fig. 125, C). This will allow the fuel to flow 

^^eely and also prevent dust or water from entering the 

13 
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tank. The tank on stationaiy engines sfaoukll 
bottom at least six inches above the higliest ] 
carburetor, and on marine or vdiide motors h 
be high enou^ so that any motion of the b( 
sea-way, or of the car when hill-dimhing, wili n 
the carburetor above the lowest pdnt of tl 
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Fig. 126. — ^Wiring Single-cylinder Jump-spark with Ba 

Every tank should also be provided with splas 
inside to prevent the liquid from swashing ab 
causing irregular feed. 

To many motor-owners and users the que 
electrical wiring is a very serious matter. I: 
cases one must be a good electrician as well as n 
to wire up a motor, but in the majority of c 
wiring is comparatively simple and easy. A des 
of wiring is of little use, for it is far easier to 
diagram or design a new one suited to particular 
ments by the aid of others. The makers of most 
furnish fuU wiring directions and diagrams wi 
engines; but as motors iTequeivXX^^ \^q^\\^ w^^ 
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new systems are installed, or old motors without direc- 
tions may be purchased, diagrams for wiring the various 
types of motors, as well as several systems of both 
battery and combined battery and magneto, are illus- 
trated in Figs. 126 to 136. 
In wiring for a motor, whether for marine, stationary, 
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*8- 127, — Wiring Single-cylinder Jump-spark with Batteries and 

Magneto 



^^ Vehicle use, the best materials only should be used. 
About 80 per cent of motor troubles are due to ignition, 
^d a large proportion of these are due to poor or faulty 
^'^iring. Too much care cannot be taken to see that all 
'^^fiiterials are perfect, all joints well made, and that the 
^'^iring as a whole is as well done and as free from the 
chance of injury, breakage, or short-circuiting as pos- 
^*tle. For primary wires in the jump-spark system, 
^r for the wiring on a make-and-bie^k ^xv^\i^^ ^^\\V^ 
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light wire may be used, but this should be of good quality, 
well insulated, and of the multiple-strand kind. Single- 1 
strand wire is ver>' good, but in connection with a motorl 
the constant vibration is liable to break, or partly break^l 
the wire and as this is not visible through the insulatio^ 
the trouble is often ver>- difficult to locate, especiaUsW 




Fig. 128. — Wiring Two-cylinder Ji 



only 



as the two ends may rub together, causing intermittent 
or weak connections. Where staples are used to fasten 
wires to seats, rails, or any woodwork, they should 
be fibre- or leather-covered, or when these cannot ti^ 
secured, a bit of rubber, leather, or even cloth may ^ 
placed between the wire and the staple. Two wires 
should never be confined under the same staple, for if 
the insulation becomes worn or broken, short -circuities 
is almost sure to result. Have ^ iew ioints in a wire a* 
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F^. 129. — Wiring Miikc-and-brt'alc with Batteries 




F^. 13a— Wiring Make-and- break wilh Batteries and Magne 
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possible, and when making a joint have the strands 
bright and clean and after being twisted firmly togethn 
they should be soldered. Soldering is not absolutely 
necessary, but it is safer, and with the modern soldering 
compounds, which can be used with a match or smill 
torch or lamp, it is very easy to solder all joints. Whether 




Fig. 131.— Wiring any Number of Cylinders with Master Vibrator 

the joint is soldered or not, it should be well wrapped 
with several layers of adhesive rubber tape. 

Secondary wire should be of the highest grade and 
where there is dampness or grease it should be led through 
a metallic or fibre tube or casing. Grease, water, and 
oil will in time destroy insulation and allow short- 
circuiting, and therefore all wires should be as thoroughly 
protected as possible. In marine work it is a good plan 
to run the secondary wires through rubber tubing and 
in all cases the wiring should be kept as short as possible. 
Avoid confusion of wites ■txA Wee^ «a.ch. ^ou^ separate 
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as far as possible. If wires are led undt;r or 
spaces where they cannot be readily seen and f 




Fig. 134. — Wiring "Perfection" Plug-transformei 

it is a very good plan to use various-colored v 
in that way the wires from one place to another 
easily traced. If several different-colored wires 




available, colored strings or bits of cloth may be f 
here and there to each wire and this will serve to i 
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Never lead a secondary and a primary wire 

the same tube, staple, or insulator, but keep 

far apart as possible, and never attach either 

or secondary wires to any metal except at the 

s. If metal must be used, be careful to have the 

ubly or trebly insulated by winding with tape 

ley touch the metal. 

terminal connections of both primary and 
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Fig. 136. — Wiring " Dcico " System 



y wires where they connect with batteries, 
er, and plug are often sources of trouble and 
)e carefully made and frequently examined, 
styles of battery connectors and terminals are 
and most of these are excellent. The **Bull 
ttery connectors, as well as the various spring 
lectors, work very well; but those made from 
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a piece of sheet metal and soldered to the wires often 
break partly off without any external sign of the fracture 
and in this way cause an interrupted or weak current 
that is exceedingly difficult to locate. Primary and 
secondary terminals for the main wires come in a variety 
of forms and designs. A common form is shown in 
Fig. 137, which represents the ^* Reliance'' terminal. 
These may be used by slipping over the nut or thumb 
screw on the top of spark plug or may be fastened by 





Fig- 137- — " Reliance " Terminals 

screwing the nut down over them. Another splendid 
style of terminal is the ^^Ball and Socket'' form illus- 
trated in Fig. 138. These terminals are designed to be 
fastened to the wire without solder or special appliances. 
It is only necessary to cut the wire off square, shove 
it into the socket, and screw the wood screw in tight. 
The sides of the terminal are made of spring metal 
with a recess to fit over the ball adapter or hexagon 
ball nut furnished as a part of the equipment. The use 
of the ball-and-socket joint allows free play of the wires 
in any direction and insures a perfect connection. 
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Terminals which will answer every purpose may be 
readily made by bending the end of the wire into a loop, 
twisting it together and soldering it firmly in place. 

In repairing, adjusting, or overhauling motors various 
gaskets or packings will be encountered, and as these 
are usually broken or injured in getting the joints apart, 
it is essential that the operator should know how to make 
new ones and be familiar with the materials to use. 
Gaskets are rinrrs or sheets of material cut into the form 





Fig. 138. — " Connecticut " Terminals 

of the parts and placed between two surfaces, such as 
the two sides of a cyUnder head, between the two sides 
^f a union, etc. They are made of paper, asbestos, 
fibre, metal, rubber, leather, etc. The best material 
for cylinder-head gaskets and any other places where 
^We is considerable pressure, as well as water or gaso- 
*^e, or both, is the material known as *' semi-bronze'*-. 
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this packing consists of a fine sheet of copper-wire gauB 
embedded in a sheet o( asbestos and covered mth 
graphite or black lead. In many places exceedingly 
thin gaskets must be used, and in such spots tough 
manila paper well soaked in oil or grease and rubbed 
with graphite is the best material. Metal gaskets are 
used between flanges in flange unions, on exhaust con- 
nections, etc., and usually come ready-made in various 
sizes. 

Asbestos of itself is a very poor material to lise about 
gasolene engines, as it is frail, is readily soaked by 
water or gasolene, and is hard to cut or handle without ] 
tearing or breaking. In making a gasket the best 
method is to clean the part to be fitted and then lay a 
sheet of the paper or other material over it. With a- 
smooth-faced wooden mallet or piece of rounded hard - 
wood, tap all over the surface until the edges of the joints 9 
as well as the various bolt or screw holes, are well im- 
printed on the material. Then, with a circular puodv 
cut the holes where indicated and after this is don^ 
cut out the edges of the joints. A gasket must nevcr^ 
have rough edges that will bind or catch in the joints, 
and the holes for the bolts or screws must be smooth 
and ample in size. Rub the gasket with oil or oil and 
graphite before placing on the joint and then lay upon 
the surface of the joint carefully. Be sure there are no 
wrinkles, bits of dirt, or inequalities in the gasket and 
make sure that it fits perfectly before placing the other 
part of the joint on it. When all is ready, place the two 
pieces together and screw home the bolts a little at a 
time, working gradually, first on one side and then on 
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,T, but never tightening up all at once on any 
)lt. 

kings for pump plungers, revolving shafts, stuffing 
etc., are usually made of cotton wicking or hemp 
ig. In making such a packing be sure and clean 
I the old material, use packing of the proper size, 
^roughly before putting in place, and do not pack 
ght imtil it has formed a good bearing or seat 
e shaft or other object. Never use white or red 
n a gasket or packing of a gas engine imless you 
oking for trouble. Oil and graphite is the best 
:al, and imless the packing or the groimd joints 
ry badly made or have been abused, nothing is 
1 in addition. 

adjusting a new motor, or one which has been 
ly overhauled, you should proceed slowly, doing 
ing at a time, and remembering exactly how each 
ment was beforehand and exactly how you have 
i it. A valve may be ruined by turning it a trifle 
ght, or a screw thread stripped or a bolt head 
d off by a slight pressure beyond the normal, 
ing down or overhauling a motor each part should 
rked and a similar mark placed on the part of the 
where it belonged. This may be done by light 
with a centre punch or by scratches on the paint, 
1, or metal. In taking apart a four-cycle motor 
J most important in the case of the timer and 
gears. The alteration in position of a single 
on a gear will throw the entire valve out of 
m. In taking apart such gears always mark the 
where they mesh, with a pncV. pwxvcltv at ^^\>Nx^ 
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punch so there may be no difficulty in placing them 
together correctly. 

Setting the valves properly in a four-cycle motor is an 
important matter. The exhaust valve should open 
at about five-sixths of the completion of the power 
stroke and should close at the end of the idle or scaven- 
ging stroke. At the commencement of the next outward, 
or suction, stroke the inlet valve should begin to open, 
and both valves should be firmly closed at the moment 
the piston commences to travel back on the compression 
stroke. Different motors vary somewhat as to the exact 
time when valves open and close, but the above is about 
the average and the finer adjustments can be readily 
made by set-screws or other devices provided until the 
best results are obtained. 

A gasolene motor should be cared for as carefully 
as any other piece of fine machinery, and because it uses 
oil and grease and becomes dirty in use it is no reason 
why it should be neglected and not cleaned and groomed 
frequently. A rusty, dirty, or neglected engine is a 
disgrace to the operator and shows lack of common 
sense or care. Oil cups and oilers, as well as grease cups 
should be kept well filled and all excess oil or grease 
carefully wiped off. If grease and oil accumulates or 
sticks on, it should be removed by kerosene and gasolene. 
All unpainted parts should be kept clean and free from 
rust and well oiled, and all nickel or brass work should 
be kept brightly polished. If you cannot spare the time 
to polish and clean your brass it is better to paint it at 
once and avoid horrid green verdigris. A vehicle motor 
requires as much care as any other, and because it is 
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out of sight it is all too frequently out of mind as well. 
Many a splendid motor-car, that is resplendent in 
polished brass, rich upholstery, and shining paint and 
varnish, carries beneath its hood a motor so greasy, dusty, 
dirty, and neglected that it would be a disgrace to the 
most slovenly fisherman's dinghy. 



CHAPTER VIII 

Too^s; Emergency Repairs and Makeshifts; Useful Hints 
AND Wrinkles; Grinding Valves and Grinding Com- 
x'ouNDs; Carbon- REMOVERS and Cleansers; Polishes; 
Enamels, Paints, etc.; Belts and Belt Dressings; Anti- 
freezing Mixtures; Table of Motor Troubles with 
Causes and Remedies. 

Few motor-owners realize the importance of being 
provided with proper tools, and this is especially true 
where marine or stationary motors are concerned. Every 
motor should have a tool box or chest or a tool-roll 
within easy reach, and the tools should always be kept 
in good condition and ready for use. Many a motor- 
operator may be found whose only tools are an old 
rusty bicycle wrench, a dull or bent screw-driver, and 
an old claw hammer. Tools are cheap and comparatively 
few are required. A superabundance of tools is a 
nuisance, and the aim of the operator should be to have 
a tool for every emergency and for each particular use, 
but not to duplicate them. The following tools are 
really essential in connection with any motor: 

A **Stilson" or pipe wrench capable of handling any 
pipe on the motor; if this cannot be procured, owing to 
the variation in size of pipes, two or more Stilson 
wrenches should be on hand. 

A monkey or "Coe'^ wrench large enough to handle 
the heaviest nuts and unions on the engine or exhaust. 

A small "Coe'^ wrench capable of handling the small- 
est nuts; a good bicycle wrench will answer for this, or a 

208 



THEIR OPERATION, USE, AKD CARE 209 

t of spanner wrenches to fit the various nuts may be 
ied. 

A medium-sized — six- or eight-inch — " Westcott" 
ranch or a set of "S" wrenches. 
A pair of combined cutting pliers and tweezers. 
A pair of round-nosed pliers. 

Small, medium, and large-sized screw-drivers, or a 
t of screw-driver blades with an adjustable handle. 
A small or medium-sized machinist's hammer with 
und pein. 

A half-inch cold chisel. 
A centre, or prick, punch. 
A hollow punch. 

A flat or "bastard** file, a round file, and a three- 
rnered file. 

An assortment of copper and iron wire of various 
;es. 

Assorted machine screws. Assorted cap screws and 
ts. Assorted plain and lock washers. Assorted cotter 
is. 

In case there are any nuts or bolts which cannot be 
idily reached with an ordinary wrench, socket wrenches 
Duld be provided, for such nuts or bolts are invariably 
e ones that need attention oftenest. 
In addition to the above tools there are many others 
lich will prove very useful at times, especially if you 
pect to make your own repairs. A breast drill with a 
od assortment of drills is a useful and handy tool, 
d a bit-stock with various-sized twist drills is also 
ry useful. By drilling a small hole with the breast 
ill^ a large twist drill will leadWy >aoi^ \[Jmlqnvj^\\«^ 
14 
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or brass with an ordinary bit-stock, the larger drill 
following the small hole very easily. 

In connection with the drills, reamers and counter- 
sinks should be on hand, and if much metal-boring is to 
be done a self-feeding chain attachment for the bit-brace 
should be added. By means of this handy tool large 
holes can be rapidly and easily bored through iron or 
steel without any great trouble or strength being re- 
quired. Hack saws are very useful and in fact almost 
indispensable, and screw slotters to fit the hack-saw 
frame will save much time and trouble in using old 
screws. An exceedingly useful tool is the Vixen milling 
tool. This is a hardened steel blade with sharp, curved 
teeth and is used like a file. It will cut ten times a^ 
rapidly and easily as a file and will never clog, ever* 
when used on lead, copper, or aluminum. New blade^ 
may be purchased at a small cost and the old ones recut:- 
or sharpened at trifling expense, but under the severes**^ 
use a blade will usually last two years or more. 

Machine taps and dies are very useful and save many^ 
times their cost in a season, as well as the trouble o^ 
running to a machine shop for every screw thread yoi^^ 
want cut. Pipe taps and dies are also handy, but most> 
pipe fittings are so cheap and so readily procured that- 
they hardly pay unless one does considerable pipe-fitting^ 
or is a long distance from a dealer in pipes and fittings. 
Calipers arc useful, and an assortment of cold chisels, 
cape chisels, and punches will prove of great value. 

Every motor-owner should learn the proper use and 
care of tools, for a rusty, dull, or broken tool is worse 
than none at all, and there is no excuse for keeping tools 
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in poor condition. Around salt water tools rust very 
quickly, but if greased every few days the corrosion 
^ill not cause any trouble. You should not expect to 
^ork metal as easily as wood, even with the best tools, 
^^d many a good tool is injured or broken by trying 

force it. Slow and sure is the way to work metal, 
^d trying to drill too rapidly is sure to result in broken 
^llSj while using too much force on a nut or bolt will 
5Ult in stripped threads or broken bolt heads. A 
ry Ught blow with a hammer will often start a nut 
joint, but wherever the surface struck joins another 
*f ace a piece of hardwood or a strip of copper or lead 
^Vild be placed over it before striking. Great care 
^\ild be used in striking cast iron, or a crack or break 
Ll result; high-grade cast iron will chip or crack 
"^ost like glass and a hammer should never be used 
thout wood or soft metal under it when striking cast 
>li. Sometimes an obstinate nut or bolt may be 
^dily started with a cold chisel and hammer, but you 
lould not use enough force to shear off a comer of the 
XL Hold the chisel at an angle against one side of the 
at and strike gently. After it is started the burr made 
y the chisel should be smoothed off with a file. Tur- 
^ntine is very useful in drilling, sawing, or filing metal, 
id many tight pipe joints or screw threads will come 
)art easily after soaking a few hours in turpentine, 
erosene is good also, and in case a pipe joint or thread 

badly stuck it may be soaked in kerosene and then 
nited. The burning kerosene will usually expand the 
int enough to break the corrosion and then by soaking 

1 turpentine the joint will be easy to separate. 
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Sometimes, even with the greatest care, a cap-aciev 
or stud will break oS in the hole. To remo^ the bidun 
piece is often very difficult and sometimes it is absolutely 
necessary to rebore and thread the hole. Many times, 
however, the stub may be unscrewed by boring a hole 
in it and tapping with a left-handed thread of smailer 
size. By screwing a left-handed screw into this and 
setting up tight the tendency will be to unscrew the 
right-hand thread on the broken stub. Many times a 
bolt or screw thread becomes badly worn or rusted and 
the bolt or nut will not hold. Usually it is always best 



^^ 




39. — Tightening Old Boll 



to retap the hole and use a new bolt, but in many cases 
such methods are impossible. At such times the thread 
may be made to hold like new by slitting the end of the 
bolt or screw and spreading the sides slightly, or in the 
case of large bolts by driving in a small wedge (Fig. 139)- 
If the nut is worn and the bolt is all right, the former 
■ may be made tight by heating to red heat and then, 
sprinkling cold water around the outer side. This will 
shrink the nut considerably and result in a snug fit. 
The application of heat for expanding metal is often 
very useful, and many joints can be taken apart or put 
together when hot that ca.nnot. be started when cold. 
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ose sprockets, cams, wheels, etc., can all be made very 
ht by expanding the pieces with heat and while still 
t putting them together and allowing them to shrink 
a close fit. Sometimes a nut which is not held by a 
k washer or cotter pin may become loose and give 
isiderable trouble. This may be easily overcome 
sawing a little less than half-way through the nut 
i then springing the two parts close together. A nut 
ated in this way will hold like a lock nut and will 




Fig. 140. — Slit LcK'knut 

*^er loosen (Fig. 140). Care should be taken, however, 
: to cut the slit too deep or too wide, or the threads 
1 be stripped in screwing it on. 
^ery often one requires a pipe-fitting of a smaller or 
gar size and has no reducer or bushing at hand. At 
:h times the man provided with pipe taps and dies 
.y make excellent reducers by using short pieces of 
ndard brass pipe. In brass pipe each size will thread 
ide for the next smaller size: thus ^-inch pipe may 
threaded for 1/8; 3/8 for 1/4; 1/2 for 3/8; 3/4 for 
2; i-inch for 3/4, etc. Iron pipe will not thread so 
:urately, but in many cases a thread can be cut in 
n pipe that will answer for an emergency. Pipe- 
iplings may also be used as reducers by threading the 
tside for the next larger sized fitting, but they are 
rder to handle and do not make as good reducers as 
J pieces of brass pipe. 
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In threading brass rods it will often be found thai 
same sized die as the nut used will not allow the ni 
be screwed on. In such cases the rod should be sUg 
filed down or rubbed with emery before threac 
Brass has a tendency to bind when it fits tightly, 
threads on brass can always be made with more 
than on iron. In using 1/4-inch machine thread nuts 
often advisable to use a No. 14 thread with the s 
pitch in threading bars for the nut. 

If you should require a pipe wrench and have nor 
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Fig. 141. — Monkey-wrench as Pipe Wrench 



hand you can often handle a pipe successfully by pla 
a three-cornered file in a monkey wrench and x 
this on the pipe (see Fig. 141). Old files that are cloj 
and dull may be readily cleaned and made as good as 
by soaking for a short time in sulphuric acid and wj 
The solution should be weak — about i ounce of aci 
2 quarts of water — and after soaking a few hours 
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) should be washed thoroughly in a strong soda 

ition, brushed oflf clean, and dried by heat and then 

d. 

a plugging old holes with bolts or pipe plugs there is 

!n great diflGiculty in getting them to hold tightly 

not leak. . This is often the case in holes tapped in 
er jackets where the metal around the hole has rusted 
ly imtil so thin that it will not hold the thread. Such 
is may be covered by brazing on a piece of metal 
)y fastening a patch of metal over the hole by means 
everal small screws and a packing between the jacket 

the patch. The former requires a professional 
zer, while the latter takes considerable time, and if 

jacket is rusted badly you may find several holes 
Jug instead of one covered up. A very good method 
er such conditions is to file the hole oblong or oval, 
hown in Fig. 142, A . Then cut a piece of stiff brass or 

steel or iron just large enough to slip into the hole 
I. 142, B), Bore a hole through the centre of this 
:e and fasten it on the end of a short bolt or screw 
threading and rivetting (Fig. 142, C). Thread the 
; or screw on the other end almost to the piece of 
al. Slip the metal piece into the hole and turn 
md so that the long ends are across the short diam- 

of the hole. Put a piece of packing over the pro- 
ing bolt (Fig. 142, D), place an iron or brass patch 
r the packing (Fig. 142, £), and screw the whole 
n firmly against the outside of the jacket by a nut 
the threaded bolt as illustrated in Fig. 142, and it 

be found a most satisfactory way to stop up old 
IS or leaks in many places. If the cylinder is a small 
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one the inner piece of metal, or yoke, as well as the 
patch, must be bent or filed to a curve to fit the j; 
but in large cylinders the curve is so slight that 
the outer patch need be curved. The only danj 
using this method lies in setting up the nut too 
and thus cracking or breaking the metal aroun 
hole. 

Small cracks or leaks in cylinders or jackets 
often be stopped by filling with a strong soluti 




sal ammoniac and water until well rusted up. Ir 
holes or leaks a better method is to fill the o] 
with a cement of some sort. Various cements are 
to withstand heat, water, and oil in iron or meta 
either of the following will prove excellent and ma 
be used to advantage in fitting pipe-joints wl 
permanent connection Is desired or in placing 
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a patch as described above or for fastening a plug in a 
hole. 



n 



it 



For Iron 

Sal ammoniac 4 parts 
Sulphur 2 

Iron filings 32 

Mix to a paste with water. 

For Iron or Other Metals 

Dry white lead 6 parts 
Sulphur flowers 6 " 
Powdered borax i part 
Mix to a thin paste with strong 
sulphuric acid and use at once. 



For General Use Where 
Heat is not too Great 

Red lead 5 parts 

Litharge 5 " 

Mix to a stiff putty with glyce- 
rine. 

For General Use 

Graphite 10 parts 

Whiting 3 

Litharge 3 

Mix to a paste with boiled lin- 
seed-oil. 
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Small leaks, as well as compression leaks in crank 
cases, around bearings or in cylinder heads, may be 
stopped by cleaning the parts and coating with shellac. 
After the first coat is thoroughly dry a second or even a 
third coat should be given. Paint or putty should never 
be used to stop leaks in a motor, but white or red lead 
will often serve on water-pipe connections. A leak in a 
water-pipe may also be stopped by winding with adhesive 
rubber tape, and even a grease-soaked cloth or rag may 
be used for this purpose with good success in case of 
emergency. One of the best methods of stopping a leak 
in a radiator, tank, water-jacket, or pipe is to use chew- 
ing-gum. Place a piece of well-masticated gum over the 
leak and wrap well with adhesive rubber tape or strips 
of cloth. This will make a perfectly tight repair and 
will last a long time. I have seen a hole an inch in 
diameter patched in this way stand daily use for over two 
years and then, even though the tank had rusted out 
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and had been discarded, the chewing-gum patch was 
still tight and firm. If small leaks occur in the pipes or 
radiator they may be temporarily stopped by sprinkling 
fine commeal or bran in the water. This should be done 
while the engine is running or trouble will result. The 
meal or bran finds its way to every erack and cranny 
in the system, and where there is a leak it clogs the 
latter and swells tight. If the meal is placed in the water 
when the motor is idle it will form masses in the joints 
and curves and cause complete stoppage of the circula- 
tion. One of the worst cases of overheating I ever saw 
was caused in this way. The meal or bran should be 
scattered in the water slowly and gradually, and very 
little used; generally a couple of large spoonfuls is 
enough. 

Sometimes a bearing will become worn or cut and lose 
compression when it is impossible to get new ones with- 
out laying up the motor for some time. Bearings that 
are loose may often be tightened up by means of a set- 
screw placed in the bearing box as shown in Fig. 143. 
With bearings made in cylindrical form this of course 
cannot be done, but with split bearings it often works 
very well. 

Occasionally you may have some soldered joint come 
apart or work loose when no soldering appliances are 
available. It will be very difficult to resolder such a 
joint unless a gasolene torch is at hand, but if you are 
in an automobile and have gas or acetylene headlights 
the joint may be readily sweated or brazed together in 
the intensely hot flame of these lamps. It is always 
advisable, however, to be provided with some one of the 
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various prepared soldering compounds which may be 
used with a common match or oil lamp, or even with a 
candle. 

One of the commonest troubles with four-cycle engines 
is leakage around the exhaust valve. As soon as the 
valve becomes pitted or worn it must be reground, for 
otherwise the hot gases will rapidly cut and burn away 
the valve until the motor is powerless. It is very easy 
to grind in a valve, and yet many owners and operators 
never attempt to do it but go to a repair shop or garage 
and pay to have it done, and very often poorly or 




" ^/yyyyyyy^y^y^yA 




Fig. 143. — Set-screw to Tighten Bearing 



improperly done at that. To grind in a valve the spring 
and foot must be first removed. This is often very easily 
done by hand, but in some cases it will be found difficult 
to get out the cotter holding the foot in place without 
holding the spring up by mechanical means. Various 
valve-lifting devices may be purchased for doing this, 
but a home-made affair as shown in Fig. 144 will answer 
every purpose. After the spring and foot are removed 
lift out the valve from its seat and clean the surface of 
valve and sesit thoroughly. If tVie vsiVv^ c!t\axc}c>^T v=. 
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readily removed from the cylinder it is best to do so; 
but if not, the cylinder should be thoroughly plugged 
with rags or cotton waste. Now spread a thin layer of 
fine emery and cylinder oil on the surface of the valve 
and place in its seat. With a screw-driver inserted in the 
slot on top of the valve, press the valve firmly down and 
while exerting a steady pressure turn it rapidly back 
and forth on its seat. Lift the valve occasionally and 




Fig. 144.— Valvc-lift^T 

turn it to a new position and continue rotating. After 
a few minutes you will find the grinding or "gritty" ite\ 
of the valve has disappeared and that it moves about 
more smoothly and quietly. Now remove the valve and 
wipe off all the emery and oil on the valve face and seat. 
If a clean bright surface shows all around, the valve 
is sufficiently ground, but if spots or streaks of dull or 
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black metal show here and there the operation should 
be repeated until the entire surface is smooth and bright. 
In grinding be careful not to press down too hard 
or to get dirt or filings mixed with the grinding mixture, 
or the valve will be ruined. After the grinding if complete 
the seat, valve, surfaces around the valve seat, and all 
other parts where emery may have lodged should be 
carefully wiped and cleaned, for a minute quantity of 
emery getting into the cylinder will soon ruin it or a little 
left under the valve will soon cut it worse than before . 
Some valves are not provided with a slot in the top for a 




CuLtOf/her^ 




File to tht ShsLbe 



Fig. 145. — Valve-grinding Tool 



crew-driver, and in such cases there are generally two 
niall, round holes. With valves of this sort you should 
ise either a regular tool made for the purpose or should 
nake a tool from an old auger as shown in Fig. 145. 
^fter the valve is ground and in place you should exam- 
ne the stem to see that it does not project so far that it 
Jways touches the tappet or push-rod when the latter 
sin the position for the valve being closed. If the grind- 
ng has allowed the valve to drop dov^iv wxvV\\ \.\v\^ vi<:.^M\^. 
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the tappet or rod should be filed off until about 1/32 
of an inch is left between the end of the valve stem and 
the push-rod or tappet. Never file off the end of the 
valve stem, as in this case a new valve will prove too 
long when placed in the old seat. New valves should 
always be ground into the seats, and a newly ground 
valve will never be quite tight until it has been operated 
for some time. 

Emery and oil is an excellent grinding compound, but 
Tripoli, rotten-stone, or very fine pumice will give i 
smoother and more beautiful finish, although the grinding 
will take longer with these materials than with emer)\ 
Various valve-grinding compounds are on the market; 
and some of these that are composed of carborundum, 
and come in the form of a paste in collapsible tubes, arc 
the finest and handiest of preparations for grinding 
valves. Being in a tight tube and already mixed, there 
is no danger of foreign matter or grit getting in and tho 
consistency of the compound always .remains the same. 
A tube of this material should be in the kit of every user 
of a four-cycle motor. 

Even when the valves are well ground in and perfectly 
adjusted a motor will sometimes lose compression and 
yet it will be next to impossible to discover the joint 
or crack where the trouble occurs. At such times the 
leak may be readily located by squirting soapsuds around 
each joint while the motor is running. Wherever a 
leak occurs the suds will form bubbles and you will 
often be surprised to find how many unsuspected leaks 
there are in your motor when you test it by this method. 

A great deal of valve trouble may be avoided by 
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1 small ball race or thrust between the spring 
e foot as shown in Fig. 146. When this is done 
? revolves slightly each time it seats, and is thus 
lly resting on a new spot, causing less wear and 
to cut or pit. 

Lt many compression leaks may be traced to the 
or relief cocks. These cocks 
exceedingly hot through their 
Dnnection with the interior of 
g chamber and are therefore 
to very severe conditions. In 
) be gas-tight they are pro- 
ith a stiff spring to hold the 
'^alve in position, and the heat 
ly destroys the temper of this 
tid allows the valve to shake 
)il and gasolene also tend to 
the cock and prevent it 
gas-tight, and often the cock will leak con- 
r without visible evidence. A cock manu- 
by the Morgan Mfg. Co. of Newport, R. I., 
gned to overcome the many difficulties of spring 
:ocks, is illustrated in Fig. 147. This is a dis- 
srance in this line of accessories and is a good 
on of how little things can be improved to add 
:o the efficiency and service of a motor, 
motor troubles are caused by an accumulation 
and carbon in the cylinders, firing chamber, 
ambers, or one of the spark plugs or sparking 
». The quickest method of removing such 
is by using one of the various carbon-removers 



Fig. 146. — Valve 
with Ball-race 



224 GASOLENE ENGINES 

on the market. Care should be taken in using tbcKtn I 
see that none of the compound is left in the motor ot I 
the crank case, as they will injure the engine wtis I 
thoroughly removed and the parts well oiled afterwaid. I 
Only light defwsits and gummed <ul can be thorcni^y I 
removed in this way, and for such accumulations plain 
kerosene oil will work almost as well and is safer and 
cheaper. Where the deposits have become thick and 




hard they must be removed by scraping and to do this 
the cylinder head and other parts must be removed. 
To thuroughh' clean the carbon deposits from a neglected 
motor is a disagreeable, dirty, and tiresome job; but 
with decent care and attention there is no need of ever 
being iibliged to do it. Good oil, and not too much of it. 
will i)revcnt carbon from forming; and if once in a white 
the c\-lin(lers arc wiped out with kerosene, and the spait 
plugs and valves cleaned, there will be no danger of 
being tnmbled with carbon and soot. 

In removing piston rings great care should be used,** 
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iese are very brittle and break easily. By spreading 
le rings slightly with a pair of pliers, as shown in 
Ig. 148, and then inserting strips of thin tin or brass 
meath them, they will slip oflF easily (Fig. 149); new 
igs should be put on in the same way. The last or 
vest ring should be taken off first and the others in 





Fig. 148. — Spreading 
Rings with Pliers 



Fig. 149. — Shims for 
Removing Rings 



gular order, and in replacing them the reverse order 
lould be followed, as otherwise the rings will slip into 
le empty grooves and cause lots of trouble. 
Special pliers should be used for spreading the rings, 
3 they must work in exactly the opposite manner from 
rdinary pliers; that is, the nose should open instead 
f shut when the handles are brought together. Such 
liers may be purchased ready-made, but arc easily 
onstructed from pieces of steel rod bound together 
nth wire for a joint as shown in Fig. 150. Oftentimes 
ings will fail to hold compression when they are not 
15 



mat tncTc is no leakage past thei 
or discolored spots show it indicates 




Fig. 150. — Pliers for Spread 

with separate heads, where the pistoi 
the top, it is often very diflScuIt tc 
and rings. By placing bolts or scre^ 
of the cylinder and pushing woodt 
these and the rings, the piston ma} 
(Fig. 151, W), Strips of brass or ti 
as shown in Fig. 152, S, S, and wi 
broken rings. 

Most engines have considerable 
about them, and it adds greatly to th< 
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quick and brilliant finish, but the surface of the metal 
will corrode all the faster afterward and will soon 
become eaten and pitted until ruined. It is far safer and 
better to make your own polish and it will cost far less 
in the end. For rough work, where old corroded brass 
is to be cleaned, cylinder oil and the finest punuce stone 
may be used, but for ordinary work or on brass that is 
in good condition a nuxture of rotten-stone and oil, 
crocus powder and oil, jeweler's rouge and oil, or oil and 




Fig. 151. — Wedges for Putting in Piston 

whiting should be used. If a more liquid polish is desired, 
a little kerosene may be added until the desired consist- 
ency is obtained, while a paste may be made by adding 
hot paraffine or tallow until the mass partly solidifies 
when cold. After polishing with any of the above a 
highly finished result will be obtained by wiping with 
kerosene and rubbing with precipitated chalk. 
Steel or iron that has become rusty bwl sVvowVi VacN'^ 
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a bright finish may be polished by scouring with emery 
and oil or emery paper, and afterwards finishing with 
pumice and oil or rotten-stone and oil. It is better, 
however, to finish all iron and steel with paint or enomd 
Any good engine enamel will answer for most places, 
but on the exhaust and cylinders a special aumd 
should be used. For cylinders the highest-grade cngiDC 
enamel should be used or an enamel made by miziDS 
the color desired with the best quality JiqMui vamiah. 




Fig 152. — Shims lor Inserting Piston 

On exhaust pipes and mufflers few paints or enamel^ 
will stand, but graphite mixed with Unseed-oil will las.* 
longer than any other compound. Before applyin^^ 
paint or enamel to any part of a motor the portion to b-^ 
painted must be thoroughly cleaned from grease c^* 
oil and .smoothed bright and clean with emery papef ■ 
Old paint or enamel sh<mld be smoothed off with emer:^ 
paper, and if any looseness or cracks appear the old paiiw- "* 
should 1k' burned and rhi])ped olT to the iron. Par*-* 
that rub or bear (ogelher, or bearings, should not h»< 
]>ainted; many troubles have been caused by paintiof 
springs, valve stems, carburetors, igniters, and wires. 
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JVhere belts are used there will often be trouble with 
iir slipping, especially where the drive is short, 
ound water, or in boats, leather belts should be 
oided. For pump drives, etc., wire-coil belting or 
rockets and chains are better than anything else, but 
en wire belts will at times slip on the pulley wheels. 
Tien this occurs wrap two or three turns of adhesive 
pe around the wheel in the groove, being careful to 
ve the tape wound in the direction of drive so it will 
•t work up. Cotton-web belts are better than leather 
most cases, and rubber is also excellent; while for 
ry long drives nothing excels good manila rope spliced 
?ether. When belts slip they should be treated with 
fne compound or belt-dressing. Many excellent dress- 
!;s are on the market, but I have found that resin 
•solved in gasolene and sprinkled on the belt is the 
St thing in an emergency. This should not be used 
ely on leather belts, however, for the gasolene soon 
ns the leather. Perhaps the best material for making 
►elt stick and pull is common tar soap. By holding a 
:e of this against a moving belt it can be evenly dis- 
)uted and' the belt will at once cease slipping. 
Ji winter time some provision should be made for 
venting water from freezing in the tanks, pipes, 
iator, and jacket of stationary and vehicle motors, 
marine engines the water may be drained olT to pre- 
it this trouble, but in automobiles and stationary 
^nes it is better to add some substance to the water, 
/cerine, calcium chloride, salt, and various other sub- 
nces are used, but these are all more or less injurious 
metals or rubber pipe. The best material is denatured 



—2-' tw 



iLb proper percentage by 
from lime to time. When all dai 
the water should be thoroughly 
water put in its place. I have 
lo-per-cent solution of alcohol (i | 
water) is safe, and it is very seldom 
goes low enough to endanger a mi 
tion. If alcohol cannot be procure 
parts of glycerine and water, or a 
of calcium chloride to a gallon of ^ 
fectly safe. A solution that is said 
and will withstand a temperature < 
zero is made by combining 75 pa 
potash with 50 parts of glycerine 
weight) of water. 
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CHAPTER IX 

Glossary of Alphabetically Arranged Technical Terms 
USED IN Connection with Gasolene Engines, with Ex- 
planations. — Various Useful Tables; Heat Value of 
Fuels; Size and Capacity of Tanks; Iron-pife StZEs; 
Drill Sizes for Screw Holes; United States Standard 
Screw Threads; Cap-screw Sizes; Finding Surface and 
Volume. 

. Glossary of Technical Terms 

Accelerator — Any attachment or device for increasing speed. 
Advanced Spark — An electrical spark produced to ignite a charge of 

gas in a motor l)cfore the piston reaches the upward limit of its 

compression stroke. 
Air Lock — A gathering of air in a pipe which prevents the flow of 

liquid through the same. 
Annular — Pertaining to or in the form of a ring. 
A nnular Bearing — A bearing in the form of a ring. 
Annular Opening — A ring-shaped opening. 
Ampere — A unit of electrical measurement nearly analogous to 

quantity. 
Ampmeter {Ammeter) — An instrument for indicating or measuring 

amjHjres. 
Armature — A wire coil around an iron core used in producing elec- 
tricity between two magnets, as in a dynamo. 
Atmosphere — The weight, or pressure, of air, equivalent to 15 pounds 

per square inch. 

Babbitt —A composition of various soft metals used as bearings to 
overcome friction. Bearings made from babbitt. 

Backfiring — The backward or premature explosion of a gas engine. 

Baffle Plate — \ plate or partition to turn or stop the flow or force 
of gases or other matter. 

Balance Weight — A weight attached to a crank, shaft, or wheel, to 
balance the explosive force of the motor and lessen vibration, as 
well as to overcome ihc tctvdetvcv to ^ d^^d catitre. 

2^^ 



THEIR OPERATION, USE, AND CARE 247 

Ball Bearing — A bearing in which revolving steel balls aid in over- 
coming friction. 
Ball Cage — A metal cup, ring, or recess, holding the balls in a ball 

bearing. 
Ball Check — A check valve in which a ball fits over the opening, in 

place of a regular valve. 
Ball Pein — The round end of a machinist's hammer. 
Ball Race — Hardened steel washers, or disks, against which the balls 

bear in a ball bearing. 
Bearings — The parts on which a revolving surface rests, or through 

which it passes in contact. 
Bed — The surface to which a motor is fastened by its bed plate. 
Bed Plate — The flat surface at the base of a motor used to attach 

the engine to its bed. 
Bell Crank — An angular crank transmitting power, or pull, at right 

angles. 
Bevel Gear — Cog-wheels, or gears, with sloping faces for transmitting 

power at an angle. 
Binding Post — The post, or metal object, to which electrical wires are 

fastened. 
Boxes — The metal casings which contain, or hold, bearings in place. 
Brasses — Bearings of bronze or brass used in place of babbitt. 
Break Spark — An electrical spark produced by interrupting or 

breaking an electrical current. 
Breaker — An object for breaking or interrupting an electrical current. 
Brushes — Metal or carbon points used to gather or transmit elec- 
tricity from the armature of a magneto to the wires. 
Burr — A roughened or enlarged edge, or end, of a bolt, shaft, pipe, 

or other metal object. 
Bushing — A cylindrical shell or casing to reduce a hole in a pipe, 

wheel, or other object or to enlarge the object that passes through 

a hole. 
BuU Spark — See Kiss Spark. 
By-pass — The passage through which the explosive gas |>asses from 

the base to the firing chamber of a two-cycle motor. 

Cam — An irregular or variously shap>ed piece attached to a shaft 

and so designed as to transmit a varying motion. 
Cam Gear — The gear used to operate a cam. 
Cam Shaft — The shaft, or spindle, carryitv^ at carev. 
Cifhrifif Power — Th^ power actually coutaitieA m ^ utCw. qWv^x* 
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Calorific Value — The number of thermal, or heat, units contained in 

a certain quantity of fuel. 
Cap Screw — A form of machine screw, or bolt, having a square or 

hexagonal head. 
Carburetor — ^A device for so combining or mixing liquid fuel with 

air as to produce an explosive or combustible gas. 
Castellated Nut — ^A nut with grooves on its cop, to hold cotter pins. 
Catalytic Ignition — Ignition by the use of spongy platinum which 

becomes incandescent in contact with coal-gas or carbureted air. 
Centrifugal Governor — ^A device which regulates the speed of an engine 

by the centrifugal force of weights operating through springs or 

other devices. 
Centrifugal Pump — A pump which operates by a revolving fan or 

wheel within a casing, and which forces water or other liquids by 

centrifugal force. 
Check Valve — A valve so constructed that the valve lifts or opens 

to the pressure in one direction, but closes or scats when pressure 

is exerted in the opposite direction. 
Choking — The failure of a motor to operate properly through the 

surplus of oil, fuel, carbon, or restricted passages in the exhaust. 
Clearance — The space between the top of piston at its upward limit 

and the interior of the top of the cylinder; space between any two 

objects. 
Clutch — A device for holding motion or power between the motor 

and the mechanism to be operated and which may be thrown off 

or released at will. 
Coil — Wire wound about an iron core used to create a greater inten- 
sity in the electrical current. 
Columbia Locknut — A form of nut provided with a tapered, threaded 

bushing within a nut; so designed as to contract or grip the 

thread upon which it is screwed and thus obviate slipping or 

working loose. 
Combustion Chamber — The chamber or space in the cylinder, or 

connected thereto, in which the gas is ignited or exploded. 
Commutator — ^A revolving or oscillating object connected to the 

wires of an'ar mature and through the action of which the elec- 
tricity is transferred by brushes to the wires. Also applied to 

timers. 
Compression Stroke — The stroke of a piston which compresses the 

gas in the cylinder and at or near the limit of which the ignition 

and explosion take place. 
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Compression Cock — Same as Relief Cork. 

Condenser — Numerous sheets of tin-foil placed in an induction coil 
and connc»cted to wires across the interrupter. Designed to reduce 
primary sparking at the contacts and to increase the current. 
Connecting Rod — The arm or rod connecting the piston with the 

crank shaft. 
Constanl Oil Feed — A device for constantly feeding oil while the 

machine is in operation. A force-feed oiler. 
Contact Points — The points through which an electrical contact is 
made. The platinum points of the vibrator or of the electnxles 
on a make-and-break igniter. 
Controller — A device for controlling any mechanism. 
Cotter Pin — A metal pin with the two ends bent around so as to lie 
close together. When placed in a hole the ends are sc^parated, 
thus preventing the cotter from slipping out. 
C^ounterweight — The same as Balance Weight. 
C^ounterbalance — The same as al)ove. 

Coupling — Any device for connecting two pipes, rods, or shafts. 
C^rank — The offset portion of a shaft to which the connecting rod 
is attached and through which power is transmitted to the shaft. 
C^rank (Starting) — The crank or handle for turning over or starting 

the fly-wheel of the motor. 
CHranking — The operation of turning over the fly-wheel of the motor 

by hand to start the engine. 
C^rank Case — The case or repress within which the crank revolves. 
C^rank Shaft — The shaft bearing the crank. 

C^rosS'head — The piece to wh'ch the connecting rod is attached and 

to which the piston rod is also fastened, and which slides in guides, 

thus transmitting straight linear motion to a crank by allowing the 

connecting rod to oscillate on a pivot through the cross-hea<l. 

Current-breaker — A device for interrupting or breaking the current 

of electricity to province a spark. 
Cut-out — A device for allowing the exhaust to pass directly into the 

air without going through the muffler. 
Cylinder — The portion of the motor which contains the piston and 

within which the explosion takes place. 
Cylinder Ribs — Metal ribs, or flanges, cast upon the cylinder's 
external surface to radiate heat and cool the cylinder in air-cooled 
motors. 
Cycle — A certain period of time within which ihe sblUxq <i.vviv\l>?v ^v:vvv^: 
regularly. As applied to gas engines \1 \s \>Tac\ACA>\^ \ii.V\\N vNvwv 
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to "stroke" and is one-half a revolution of the fiy-whcel, approx- 
imately. 
Cyclic Phases — The phases or changes in operation during each 
cycle of a motor. 

DecLd Centre — That portion of a revolution during which the piston 
cannot transmit motion to the crank; the upward and downward 
limits of the stroke. 

Deflector — The projection from the top of the piston in two-cycle 
motors designed to prevent the innishlng gas from passing across 
and mingling with, or escaping with, the exhaust and to direct: 
its course toward the top of the cylinder. 

Diaphragm — A thin plate or partition, usually flexible. 

Die — A tool for cutting male screw threads on rods or pipes. 

Die Stock — The handles and holder for holding a die when using i^a 

Differential Gear — ^A combination of gears, or wheels, so arrange^-^ 
that motion may be transmitted to different speeds or power ■=. 
or where the resistance is unequal the power exerted may 1 — ' 
equalized. 

Differential Cam — A cam transmitting varying motions or powers. 

Differential Piston — A piston composed of two pistons of differc^^ 
sizes and operating together to perform separate duties. 

Distillate — Denatured alcohol or similar fuels. 

Distributor — A device for Jistributing anything. In connection wi^^ 
motors it is usually applied to a form of electrical device whic — 
distributes the ignition current to the various cylinders, but 
also applied to devices for feeding oil or to an arrangement f^^^> 
leading the charges of gas to various cylinders (see Elmore niotor^ J- 

Dog — A mechanical appliance for transmitting certain motions. 

Dowell--\ pin or key used to hold two pieces or parts together. 

Drop Tee — A pipe fitting in the form of a tee but provided with ^ 
bracket or flange for fastening to a wall or other object. 

Drop Kll — A pi|xi elbow with bracket as above. 

Dynamo — A machine for generating electricity through the revolu- 
tion of an armature between electro-magnets. 

Dynamometer — A device for ascHTtaininR the power necessar\' to 
operate a machine at a given s|)i'ecl. 

Eccentric — A circular disk set on a revolving shaft with its centre 
out of true with that of the shaft and used to transmit recipro- 
cating motion from rotary motion. 
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fi<Wy Current — A current or irregular flow of the gas caused by wiuarc 
or rough corners in the (>assages which prevent a free flow to or 

from the cylinder. 
^^tro-magnei — A piece of iron covered with a coil of wiro. VV-hen 

an electrical current is |>assed through the coil the iron core 

becomes highly magnetic. 
^^^ctrodes — The two points carrying the electric current between 

which a spark is produced, as in a spark plug. 
^kaust — The escape of the burnt gases from the cylinder. The 

opening through which these gases escape. 
^^ust Valve — The valve which allows the burnt gases to escape 

from the cylinder. 
^Pansion Joint — A joint or coupling so designed as to be capable 
^f expansion and contraction by one side sliding over the other. 

J^^^ — ^The smooth or flat surface of a joint or wheel. 
^^^ Plate — A plate of metal provided with clamps by the use of 
^hich an object is held in a lathe where the surface is to be turned 
^ ^t^ or faced. 

^^ed Joint — A joint made by having the two surfaces ground smooth 
J. ^nd flat. 

^•» — A revolving wheel or disk provided with blades or paddles 
*Or circulating air about a motor to cool it. Applied erroneously 
^ ^o a propeller wheel. 

'^<^iher Vibrator — A form of vibrator of very delicate construction 
^nd capable of very rapid vibration. 

inge — A projecting surface, or ridge, usually applied to parts 
designed to be bolted together or attached to some other 
object. 
^<xnge Coupling — A joint formed by fastening two pipes or shafts 
together by two flanges bolted together. 
^nge Union — A flange coupling when applied to pipe. 
^^<ish Point — The temperature at which a substance ignites. 
*^^€xible Coupling — A coupling compostKl of oscillating parts so 
designed as to allow the shaft to revolve even when the two f)arts 
are at an angle. 
flexible Elbow — An elbow const ructc^l as in the alx)ve. 
^iexible Joint — Same as above, but more often applied to sniall 

rods, etc. 
^^texible Union — A union for connecting pipe constructed with parts 
which permit it to be set at varying angles. 
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Float heed — An arrangement by which the flow of a liquid is regu- 
lated by a valve oi)erated by a float. 

Flooding — An excess uf gasolene or other liquid fuel in an engine. 

Fly-wlveel — The large wheel at the end of the shaft used to carry 
the momentum of the shaft beyond dead centre and to minimitt 
vibration. 

Four-cycle — The operation of a motor in which an explosive impultt 
occurs only on ever>' other revolution of the fly-wheel or on every 
fourth stroke. 

Friction Clutch — A clutch in which the power or motion is held and 
transmitted by frictional resistance. 

Gap — The space through which a spark will pass between two 

electrodes or terminals. 

Gasket — A ring of material, or packing, placed between two surfaces 
to render the joint tight. 

Gate Valve — A valve which operates by a gate or partition that rises 
and falls in a groove or guide, thus giving a full opening: a full- 
way valve. 

Gauge — An instrument for measuring anything. 

Gear — A cog-wheel. A combination of cog-whc»els. A device for 
transmitting power, spi*ed, or direction through a combination oi 
cog-wheels or "gears." 

Gear Pump — A form of rotar>' pum[; in which the water is sucked 
in and forced out by the revolution of two interlocking gears. 

Generator- -An appliance for generating gas from liquid fuel and air. 
An instrument for generating electricity. 

Gland — A ring, or thimble, of metal used to hold packing in position. 

Glphe Valve — A valve which o|)orates by a circular or globular valve, 
si-ating by turning down a threaded stem or spindle. 

Governor- -A device for regulating power, speed, or flow. In con- 
nection with gasolene nu)tt)rs, a device for regulating the speed 
of the motor within certain limits. 

Gravity Feed -The feeding or flowing of oil by gravity alone. 

Gravity Oiler —.An oiler operated by gravity. Not a force-feed oiler. 

Grounding -Connecting one wire from an eliK:trical generator to 
the ground or to the frame of the motor and using the same m 
place <A a complete wire to the other electric terminal. 

Hammer Break — A form of breaker, or interrupter, which acts like a 
hammer by striking upon auoXWr vvcct o\ Tvvii\.?\. 
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lammer Vibrator — A vibrator constructed heavily to give stronger 
and slower vibrations than other forms. 
langer Bolt — A lag-screw with a threaded end in place of a square 

head and onto which a nut may be screwed after the screw itself 

is in place, thus avoiding removing the screw from the wood in 

order to remove the object held in place by the screw head. 
Jelical Gear — A gear wheel with the teeth cut at a certain slant or 

curve, which forms the part of a helix or coil. 
ittical Spring — A spring made in the form of a helix; a coil spring. 
ligk Tension — A form of electrical discharge of high amperage. 

The induced current in an induction coil. The secondary 

current. 
iit-and-miss Governor — A governor which regulates the speed of an 

engine by allowing the valves to lift or remain closed through the 

action of an arm or blade which operates at normal speed but 

which misses when the desired speed is exceeded. 
^orse-power — The power required to lift 33,000 pounds one foot in 

one minute. 
^0/ Tube — A form of ignifer in which the charge of gas is exploded 

by the use of a tube kept at red heat. 
hunting — The irregular action of a governor causing an engine to 

slow up or increase its speed at intervals. 
hydrometer — An instrument for testing the specific gravity of 

liquids. 

h^iter — Any device for igniting the explosive charge of gas. 

Uniting Device — Same as Igniter. 

hfiUion — The process of igniting the charge of gas. 

^piition Plug — A plug inserted in the cylinder and which carries the 

electric spark used in igniting the charge; a spark plug. 
^ftdicator — A machine for ascertaining the action of an engine by 

means of a tracing on a card. 
^ftdicator Card — The card on which an indicator forms a tracing to 

show the action of a gasolene motor. 
^^uctance — The power of inducing, or generating, electricity in a 

coil of wire by passing an electrical current through another coil 

close to but not in contact with the other. 
^fuiuction Coil — A coil for generating induced electricity. 
^ftertia — ^The tendency of an cibject to remain stationary when at 

rest and which must be overcome before it starts to move. 
^iiertia Gonemar — A governor that acts throu^Vv xtvettvaL. 
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Inlet Valve — The valve which admits the charge of gas to an engiiie's 

cylinder. 
Insulation — The protection, or covering, of electrical conductors to 

prevent the escape of electricity. 
Insulator — Anything which prevents the electricity from escaping 

from a conductor. 
Intake — The opening through which the fresh gas is taken into the 

cylinder. 
Intake Stroke — The stroke of an engine's piston which. draws a charge 

of gas into the cylinder. The suction stroke. 

Jacket — The portion of a motor covering the cylinder and separated 
from it by a passage for the circulation of water or other cooling 
liquid. 

Jig — A device by which any machined article may be accurately 
duplicated. 

Journal — A bearing on a shaft. 

Journal Box — The casing holding a journal. 

Jump Cap — The space through which an electric spark will jump. 

Jump Spark — A spark of high-tension electricity which is caused by 
separating the electrodes or terminals of a circuit, thus causing 
the electricity to leap or jump across, producing a hot spark. 

Key — A square piece of metal inserted between a wheel, or similar 

object, and a shaft and fitting into recesses in each to prevent 

turning or looseness of the two parts. 
Kcyway — The slot or recess into which a key fits. 
Kickinfi — Backfiring or premature explosions causing the motor 

to reverse its motion when starting or to '*kick" backwards. 
Kiss Spark — A form of make-and-break ignition in which the contact 

jx;ints approach gradually, press firmly together, and separate 

instantly. Also called Butt Spark. 

Lag'Screws — Heavy wood screws provided with a square bolt head. 
Lead — The advance or timing of a spark to cause ignition before the 

limit of the compression stroke, causing the explosion to exert its 

greatest force just as the piston passes dead centre. 
Let'er — A rod or arm for increasing, transmitting, or controlling 

power or motion. 
L/?/<?r5- -Thin pieces of metal fur reducing or enlarging the space 

between two pieces of metal. 
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Nut — A nut screwed onto a bolt above the regular nut to 
event the latter from working loose. 

Washer — A washer, or ring, with one side cut through and the 
ds slightly turne<I up or sprung apart. Used to place under a 
it on a bolt. The turned-up edges prevent the nut from Ibosen- 
% or working off by the friction of the ends bearing on the under 
rface of the nut. 

Motion — Any looseness or motion which accomplishes no useful 
irp)ose and detracts from power or speed. 

Tension — The primary electrical current either direct from a 
nerator or battery or after being passed through a primary- 
)und coil. 

icant — Any substance that lubricates or reduces friction be- 
een moving parts. 

icator — Any device for distributing a lubricant. 
—A metal projection for attaching to another object or for 
aring against another piece. 

neto — A machine for generating electricity by means of an 

mature revolving, or oscillating, between two permanent mag- 

ts. 

e and Break — A system of ignition in which the spark is produced 

alternately making and breaking an electrical current. 
if old — The common outlet of several pipes or tubes. 
ometer — A gduge or instrument for determining the pressure of 
ses. 

lanical Equivalent. — The power contained in a gaseous body and 
lich must be accounted for, either as heat abstracted from it or 

some form of mechanical energy. A deduction from the law 
It nothing in nature can be lost or wasted. 
lanical Oiler — An oiler or lubricator operated by mechanical 
?ans. 

ianical Valve — A valve operated by mechanical means. 
ire — The failure of a compressed charge to ignite and ex- 
xle. 

lentum — The tendency of an object to continue in motion after 
e power required to move it has been stopped. 
*r — Any machine for producing power or for transforming 
tural forces to mechanical motion. 

ier — A device for quieting or silencing the noise of the ex- 
ust. 
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Needle Valve — A valve formed by a pointed rod bearing against the 

circumference of a small hole. 
Nipple — A short piece of pipe threaded at both ends. 

Offset Cylinder— A cylinder so placed that its centre is at one side 

of the centre of the crank shaft. 
Offset Crank — A crank placed so that its centre is out of line with the 

centre of the cylinder. 
Ohm — A unit of electrical measurement denoting resistance depend^ 

ent upon diameter, length, and material of the electric conductor. 

Analogous to "friction." 
Oil Feed —A device for distributing oil. 
Oil Pump — Any device for pumping oil. 
Otto Cycle — Four-cycle. So called because the Otto engine was the 

first to successfully adopt this system of operation. 

Packing — Any material used to prevent leakage around a moxing 

part or between the two surfaces of a joint. 
Packing Gland — A pic»ce of metal which presses the packing into 

place and is held by a threaded screw or other device. 
Packing Nut — A nut used to hold packing in place. 
Pein — The end of a hammer used for striking. 
Peining — Hammering or stretching a piece of metal by use of the 

pein. 
Pendulum Gtwcrnor — A governing device in whi^h the speed is 

regulated by the swing of a [)endulum instead of by centrifugal 

force. 
Phases —Sec Cyclic P liases. 
Pick Blade — The small blade or pick of metal which lifts the valve 

in a pick-blade j^ovcrnor. 
Pick-hlade Governor -A governor that regulates the speed of a motor 

by means of a blade or pick which lifts or misses the valve stem 

under excessive spi?eds. 
Pillo-ii' Block —A block or stand supporting a bearing or journal. 
Pinion —A small cog-wheel. Properly a wheel with pins or posts 

in place of coj^s. 
Piston -A sliding object within a cylinder; a plunger. 
Piston Pin —The pin which holds the connecting rod to a piston. 
Piston Ring --Mi'tdl rings fitted loosely around grooves in a piston 

which /)y spring of the metaV U>t\w a v;v\s-uv;Kt Joint with the 
cy Under walls. 
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uin — The same as Connecting Rod. 

ng — Wearing away or corroding of metal in the form of small 

)les or indentations. 

limeter — An instrument for determining the area of indicator 

agrams. 

;— In motor parlance, the Spark Plug. 

iger — A piston. Any object working or sliding within a cavity 

ade to fit its surface. 

tger Pump — A pump operated by means of a plunger or piston. 

— An opening through which gas is admitted to the cylinder or 

ISO of a motor. 

ignition — The igniting or exploding of a charge of gas before the 

oper time. 

tary Coil — A coil for producing low-tension electricity but not 

duced current. 

%ary Winding — The first winding on a spark coil conveying the 

imary or low-tension current. 

%ary Wire — The wire used to convey the primary or low-tension 

metrical current. 

ting — Pouring or injecting liquid fuel into a cylinder to start 

e motor. Placing water in a pump to start its operation. 

ting Cup — A cup for priming, usually a small receptacle 

tached to the cylinder and connected with the interior by a 

Ive or cock. 

ly Brake — A device for testing the power of gasolene motors. 

ractor-^h.n instrument used for determining angles and degrees 

a circle. 

die Carburetor — A form of carburetor in which the liquid fuel 

in a pool or puddle instead of in a float chamber, and from the 

rface of which the gas is drawn. 

fmeter — An instrument for measuring the temperature of cxhaubt 

irant — Any piece of metal in the shaj)e of a quarter circle; 
ually applied to the curved, notched piece which holds levers in 
)sition. 

?— A notclu'd, or cogged, bar oiKTatiuK on a cog-wheel for 
ansmitting rotary motion to recipnK'ating motion nr vice versm, 
\ and Pinion —The combination oi a rack siw^i a 'a\\\a>\ 'co'^-^^^^ 
pinion. 
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Radiator— \ device for giving off, or radiating, heat and through 

which the hot water from the cylinder jacket is passed in order to 

cool it. 
Ratchet Valv—X valve operated by a ratchet gear instead of by 

cams. 
Ratchet Wheel — A disk or wheel with notches or projections so formed 

that it will turn in one direction but not in the other by dogs or 

lugs dropping into the notches. 
Ratio — The proportion or relation of one thing to another. 
Reducer — An appliance for reducing the size of an opening or of a 

rod or shaft. 
Reducing Coupling — A coupling smaller at one end than at the other 

for reducing the size of any two pipes or rods which are connected 

by the coupling. 
Reducing Elbow — An elbow with one opening smaller than the other. 
Relief Cock — A cock or valve placed in the cylinder to relieve the 

pressure of compression. 
Ribbon Vibrator — A vibrator made with a slender or thin piece of 

metal to which the contact point is attached. 
Ring Oiler — A device in the form of a ring which is attached to the 

crank shaft and serves to distribute the oil in the crank case to 

the bearings and connecting rod. 
Ring Valve — A valve in the form of a ring or cylindrical section. 
Rotary Valve — A cylindrical or conical valve which rotates or re- 
volves on its seat instead of lifting and closing. 
Ruhmkorff Coil —An induction or vibrator coil. 

Scavenging — The cleansing of the cylinder of burnt gases. 
Secondary Coil— An induction coil. 

Secondary Current — The induced current of an induction coil. 
Secondary U'/rf- Heavily insulated wire for carrying the secondary 

current. 
Self -oiling— Oiling wilh«)ut the aid of mechanical devices. 
Self-starting -K(i nipped with a device for starting without turning 

or "cranking" the (Iv-whcel. 
St't-srrt'ij -A s<:rew of h:ir(K'ne(l steel or other metal used to hold a 

shaft or other object in pl.ue. 
Shaft -Any revolvinj^ rod for iransiniltinK power or motion. 
Shaft Beiring The bearing thron^h which a shaft passes. 
Shaft Coupling -\ coupling for fastening two ends of shafting 

togerhiT. 
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Shafi Hanger — A bearing for shafting attached to a frame or post 

for fastening to a wall, floor, or ceiling. 
Shims — Thin pieces of metal placed between joints to keep the two 

parts separated. 
Short Circuit — The passage of electricity from one point to another 

without passing through the conductors provided. The escape 

of electricity through faulty insulation. 
Sight Feed — A device by which the flow of oil or other lubricant 

may be seen in exactly the amount and condition in which it is 

fed to the parts to be lubricated. 
Silencer — A device for silencing the noise of the exhaust. 
Sonoscope — An instrument for determining the location of vibration 

or "pound" in a motor. 
Spark Break — The interruption or breaking of an electrical circuit 

to produce a spark. 
Spark Coil — ^A coil of either the primary or induction typ>e which 

intensifies the electrical current and produces a hotter and larger 

spark. 
Spark Plug — A plug fitted into the cylinder and insulated therefrom 

and provided with electrodes or terminals which produce the 

sptark. 
Sparking Points — The two terminal points or electrodes from which 

the spark is produced. 
•Spindle — A round rod or bar. The tapered or reduced end of a 

shaft. 
Sprocket — A wheel provided with teeth which fit into the links of a 

chain for transmitting power or motion. 
Sprocket Chain — The chain used on a sprocket wheel. 
Spur Gear — A form of cog-wheel or gear-wheel in which the teeth 

are sharp or pointed. 
Street Elbow — A pipe elbow in which one end is male- and the other 

female-threaded. 
Stud — ^A piece of projecting metal to which a nut may be attached ; 

a lug. 
Stud Bolt — A bolt threaded at each end so that it may be screwed 

into a threaded hole and a nut screwed onto the projecting 

portion. 
Stuffing Box — A box or casing through which a shaft passes and which 

may be packed to prevent leakage around the shaft. 
Suction Stroke — The stroke of the piston which draws the charge of 

gas into the cylinder or crank case. 
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Switch — A device by which the electrical current iiiay be turned on 
or off. 

Tachometer — An instrument for measuring the number of revolutions 

of a wheel or other object. 
Tap — A tool for cutting female threads in nuts, holes, etc. 
Taper Pin — A round, tapered pin used to hold two parts of machin- 
. ery together; especially for fastening a shaft to a wheel or gear. 
Templet — A pattern or guide for duplicating parts. 
Terminal — The end of a wire or electrical connection. 
Thermal — Relating to heat. 
Thermal Efficiency — ^The proportion of heat utilized by the engine a» 

indicated by the power developed as compared with the total heat 

contained in the fuel used. 
Thermal Units — The quantity of heat required to raise one pound of 

pure water from 32 degrees to 33 degrees Fahr. 
Thread — A spiral groove cut in a screw, or in a hole, into which a 

screw is fitted. 
Throttle — Any device for regulating the speed of a motor by increas- 
ing or decreasing the amount of gas entering the combustion 

chamber. 
Thrust — The forward tendency or push of a shaft when operating 

under a load. 
Thrust Bearing — The bearing designed to overcome the friction of 

the thrust. 
Timer — A device for interrupting and connecting the electrical 

circuit at certain intervals in order to produce a sptark at the 

correct time. 
Timing — So regulating the timer, or the valves of a motor, as to 

operate at the proper time to develop the best results. 
Torque — A.twisting or turning force. 
Two-cycle — A form of motor in which an explosion or impulse occurs 

on every upward stroke of the piston or on every complete revolu- 
tion of the crank shaft. 

Union —A clcvia' for connecting two pieces of pipe so that they may 
be t'onncvtcd or dist'onnt'Cte<l without disturbing the rest of the 
pilH'. 

Valve —A device for o|X'ning or closing a passage. 
Valve Box — The casing in which a valve moves. 
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a/w Cam — A cam which operates a valve. 

'^alve Chamber — The chamber within which the valve is placed. 

''alve Foot — The lower portion of a valve upon which push-rods or 

cams operate. 

'^alve Gear — Gears for operating the valves, 
"flipf Port — ^The opening through, or beneath, a valve which is 

opened or closed by the action of the valve, 
"o/pf Rod — A rod for operating a valve, 
'fl/w Seat — The portion of the valve box upon which the valve rests 

when closed. In a rotary or slide valve the portfon around the 

valve against which it bears. 

alve Stem — The spindle or shaft that connects the valve with its 
foot or handle. 

^poriser — A device for vaporizing or transforming liquid fuel to a 
gaseous state by mixing it with air. 

-brator — The part of an induction coil which automatically opens 
and closes the circuit of electricity through the coil. 
*li — A unit of measurement of electricity denoting the force 
of current. Analogous to pressure. 

>ltage — The amount of volts produced by a battery or generator 
a.nd which will flow from it when a circuit is completed. 
Htmeter — An instrument for measuring voltage. 
-motor — A form of gas engine in which the cylinders are placed at 
angles with one another or in "V-shape." 

-thread — A screw thread in which the grooves are angular with 
sharp or "V-shaped" angles. 

"ajfe Nut — A flange or plate for fastening pipes to a floor or wall. 
''ater-jacket — The casing outside of a cylinder and which contains 

the circulating water. 

''eb — The thin portion of a wheel connecting the hub with the rim. 
^hitworth Thread — A particular form of screw-thread differing from 

the ordinary threads in the shape of the grooves. The standard 

British thread. 
^ipe Break — A form of make-and-brcak spark in which the spark 

is producctl by one electrode rubbing or passing over the other. 
^ipe Spark — A sfxirk produced by a wipe break. 
^ire Drawwg— The pull or resistance caused by overcoming friction 
or pressure against moving gas, or in overcoming the resistance 
to a spring. 
'oodruff Key — A form of key which is straight on one side but 
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semicircular on the other. Used as a key to hold wheels or gears 

on a shaft where the end of the key cannot project. 
Worm Cam — A cam provided with a "worm" or spiral gnx)ve cr 

projection. 
Worm Gear — A gear which is grooved in a spiral or "screw" manner 

instead of being provided with cogs. 
Worm and Segment — A form of gearing composed of a worm gear 

and a sector of a cog-wheel or pinion. 
Wrist Pin — The pin which holds the connecting rod to the crosshead. 



\ 



APPENDIX 



Heat Value of Fuels. 

e following tabic is given on good authority but will be found 
•y considerably from many other tables.) 



Fuel 



3gen at 32® F 



)n 

)n monoxide (CO.) 

sylvania heavy crude oil 

isian crude oil (heavy) 

isian crude oil (light) 

leum refuse 

•acite gas 

(idle-power illuminating-gas 

ndle-power illuminating-gas 

ndle-power illuminating-gas 

York City water gas (60° F. at 30 lbs. 

ssure, 

3n coal-gas 

ne(C,H,) 

one and its vapor 

ene (C2H4) 

fi-ga8 (CH4) 

ral Gas, Leechburg, F*a 

ral Gas, Pittsburg, Pa 

Iene(C,H,) 

water gas 

icer-gas 



Br. Th. Units Br. Th. UniU 
per lb. per cu. ft. 



62,030 
14.500 

4,396 
20,736 
20,138 
22,027 
19,832 

3,484 



18,448 
21,900 
2 1 ,430 
23,594 



21,492 



348 

* • • 

539 



950 
800 
620 

710.5 Ave. 
668 

• • * 

690 

1,677 
1,051 

1. 05 1 

892 

868 

185 
150 
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1, 


IK 


36 


54 


OH 


Js 


18 


49 


,67 


,09 


H 


M 


,6i 


,84 




h 


14 


82 


1 05 


" 


1 


11 H 


1 04 


1 31 


M 


iH 


n H 


1-38 


1,66 


U 


tii 


II M 


■ .61 


1'9 


..4 


a 


II « 


a. 06 


» 37 


15 


2ii 


« 


2.46 


2,87 


.20 


3 


8 


3.06 


3-5 


.21 


4 


« 


40a 


4 5 


ii 


5 


8 


5 04 


S.56 


2.S 


5 


8 


6.06 


6,625 


.28 
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Capacity of Cylindrical Tanks. 



DiroenBions 
Inches 


Capacity in Gals. 


Dimensions 
Inches 


Capacity in Gala. 


9X20 


5 


gallons 


18X30 


32 gallons 


10X20 


8 




1 18X40 


40 " 


12X20 


10 


It 


18X42 


45 " 


12X24 


12 




1 18X48 


50 " 


12X30 


15 




20X40 


50 " 


14X30 


20 




20X48 


65 " 


14X36 


24 




20X60 


80 " 


16X30 


26 


41 


j 22X50 


80 " 


16X36 


32 




22X60 


100 " 



Table of Cap-Screw Sizes. 





Threads 
Per in. 


Hexagon Head 


Square 


Head 


PhUister 
Head 
Diam. 


Round 

Head 

Diam. 


-^un. 


Short 
Diam. 


Long 
Diam. 


Short 
Diam; 


Long 
Diam. 


M 


20 


A ' H 


A 


H 


H 


A 


h 


18 


H 


n 


14 


a 


A 


A 


H 


16 


A 


i\ 


A 


a 


A 


H 


A 


14 


?8 a 


"i 


s 


H 


H 


H 


12 


H > a 


H 


I A 


H 


H 


A 


12 


n i5 • 


U 


lA 


n 


\i 


\ 


II 


H ' 


H 


I'i 


Vs 


I 


H 


10 


I u^ 


I 


'A 


I 


iJi 


h 


9 


iH . lii 


Ij^ ' 


>» 


IH 


• • • 


I 


8 


iH 


lA 


IM 


•lit 


iH 


• • • 
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U. S. Standard Screw Threads 
(Angle of threads 60°. Flat at top and bottom for 1/8 of pitch.) 



Diam. Screw 






Vi 



H 



H 






2 }.i 



I 



3 



Threads 
Per In. 



20 
18 
16 

14 

13 
12 

II 

10 

9 

8 

7 

7 
6 

6 

5 yi 

5 
5 

4 \i 
4 »-i 
4 
4 
3 H 



Diam at Root 
of Thread 



.185 
.240 
.294 

.344 
.400 

•454 

.507 
.620 

731 

■^37 
.940 

1.065 

1 . 160 

1.284 

I 3»9 
1. 491 

1. 616 

1 .712 

1 . 962 
2 . 1 76 
2.426 

2 . 629 



Nut and bolt head sizes are 
determined by the following 
rules, which apply to both 
square and hex. nuts. 

Short diam. of rough nut = 
I hi X diam. of bolt -j- i-J in. 
! Short dium. of finished nut = 
■ I 3'3 X diam. of bolt -f H in. 
Thickness of rough nut = diam. 
of bolt. Thickness of finished 
nut = diam. of bolt — J^ in. 
Long diam. of hex. nut = short 
diam X 1.155. Long diam. of 
s<iuare nut = short diam. X 
1.414. 
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To Find Surface and Volume. 



Area of Rectangh = length X breadth. Area of Triangle = base X 

1/2 height. 
Diameter of Circle = radius X 2. Circumference of circle = diam. X 

Area of Circle = square of diameter X .7854. 

Area of Sector of Circle = area of circle X degrees in arc -r- 60. 

Area of Surface of Cylinder = circumference X length, plus area of 

both ends. 
Volume of Cylinder = Area of section in sq. inches X length in 

inches and divide by 1728 to find cubic ft. 
Diam. of Circle with given Area. Divide area by .7 54 r.nd extract 

square root. 
Surface of Sphere = square of diam. X 3. 141 6. 
Volume of Sphere — cube of diam. X .5236. 
Side of Inscribed Cube = radius of sphere X 1.1547 
Volume of Cone or Pyramid either Rounds Square, or Triangular = 

area of base X J^ its height. 
A Gallon of Water = 231 cubic inches and weighs 8H lbs. (U. S. 

Standard). 
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V, 136 

ors, 75, 82, 107 

oniatic, 36 



Boats, Beds in, 186 
Boats, Intake in, I90, 191 
Bolts, Tightening, 219 
Brake horse- power, 30 
Breech-block Plugs, 86 
Brushes, 127 
Buffalo lubrication, 120 
Buffalo oil-rings, 120, 123 
Bull Dog Connectors, 201 
Bypass, 32, 39, 43 



182 



lixturcs, 229, 230 



intake, 36 
ves, 57 
jsts, 163 

B 

TORS, 70, 72 

Iter-, 91 

it Terminals, 202 



lenin^, JI2 
186 



Cadillac Mixing Valve, 105 
"Caille Perfection" Ignition,i4i 
Cams, 21, 57, 58, 94 
Carburetors, 99, 107 
Carburetors, Float-feed, 99, 100 
Carburetors, Kingston, 104 
Carburetors, Krice, 104 
Carburetors, Schebler, lOO, 102 
Cases, Crank, 85, 87 
Cells, 126 

Cements, 189, 216, 217 
Chambers, Expansion, 163, 164 
Check-valves, 109 
Circulation, Water, 113 
Coils, Connecticut-plug, 141 
Coils, Jump-spark, 136, 137 
Coils, Non-vibrating, 137 
Coils, Primary, 126 
Coils, Secondary, 126 
Comet Magneto, 130 
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Commutators, 127 

Compound, Anti-freering, 229, 



Compound, Valve-grinding, 320, £isei 



Compression-plate, 41 

Conercti; beds, 183, 184 
Condenser, 136, 140 
Conical plugs, 143 



Connecticut terminals, 303 
Connecting nxl, 4.S. 85 
Connections, Hose, 190 
Connectors, Bull Dog, 201 
Contact Points, 136 
Cooling, 75, 107 
Core, 136 

Counter-balances, 91 
Counterweights, 92 
Cranks, 49 
Cranks, Bell, 57 
Cranks, Offset, 69, 70 
Crank Cases, Ss, 87 
Crank Shafts, 19, 90 
Cross-heads, 41,43 
Cujis, (ireasc, 132 
Cups, Priming. 223, 224 
Cylinders, B3 
Cylinders, Offset, fi9, /U 
<"yliiiders, TeniinTal un- «>f, 1 



1) 



r)El.< 



red I lor 



15,1 <■ 
*-Iw.we 



Detriiii l.ubritalor 
Detroit ihri-e-way Vah 
Distribuliirs, 47, 48 
Distributors, Rotary. 49 
Dyna 
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Edison plugs, 146, 14S 
Eificicney jMechanical, 39 

Magneto. 130 
Ejector Mufflers, 170 to 172 
Element, Human, 3? 
Elmore Motor, 45 
Enamels, 218 
En-bl.K- Cylinders, 33 
Engines, Four-cycle, 21, 35, 54 
Engines, Four-strokr, 21, 25, 54. 
Engines, Horiiontal, 70, 74 
Engines, Open-bate, 41 
Engines, Powell, 41 
Engines, Smalley, 39 
Engines, Three-port. 32, 33 
Engines, Two-cycle, 15, 3a 
Engines, Twii-porl ^2 ,5,J 
Engines, T«ri-stTi>ke. 3. 32 
Engines, Two-three Port, 36 
Eurck-iAlaKnelos. 130 
Exhausts, 164, 167 
Exhausts, Auxiliary, 163 
Exhaust Pipe, 185 
Exhausts, Rcid, 166, 167 
Exhausts, Underwater, 165, ■ ** 
Exhaust valves, 3i, 94 
Exhaust Valve Governors, ly 5 
Kxi)ansion Chambers, 163, it^ 
Explosvc Motors, 15 
E-7. Plugs, 146, 147 

F 

l-KATHF.R Vll!RAT()RS, 138 

l-Vrro Lubricating system, i^'*' 

I'vTti} Motors, 70 

Kerrii Water-circulation. 113 

riild. Magnetic, 136 

riring Stroke, 16, 21 

Flanges, 1H2 



arburctors. 99, 100 
95 

'ilers, 115 
;ngine9, 21, 25,54 
Engines, 21, 25 
value of, 263 
■ne, 179 



Helical Gears, 56 

Ht-nricks Magnetos, 130, 131 
High-Iension Magni-K^s. 129 
Hit-tJT'Miaa Governors, 177 
HoUy Magnetos, 130 
Hoppers, 82, <iS 
Horizontal Enginea, 70, 74 
Horse-powcr 30 
Horse- power. Brake, 30 
Horse- power, Dcli\'crcd, 29 
Horse- power. Indicated, 39 
Hoscfonnfcrions. '>o 
Humaii Element, 27 
Humoring, 28 
Hydrex Silencer, 172, 173 



56 



5& 
Terms, 246. 262 



Idle Stroke, 26 

Igniter, Make and Itreak, 



Igijiter, Wico, 131, 136 



Ignitic 
Igniti 



I, 82, 124, 156 

1, Caiile, 141 

1, Jump-spark, 83, 124 

I, Make and Break, : 



or, 36 
rs, 114, 
"T" nii 




Ignition, Orswell, 140 




Ignition, Perfcx, 140 


iitor, 32 


Indicated Hgrse-powcr, 29 




Inertia Governor 76 


' '^ 




Installation of Motors, 182, 193 


nipoimd 


Is "O S' 


make in Boats, 190, 191 




Intake, .'^utomatic air-. 36 


ki^- ^t',', 


-"' 


Intiike Valves, 22, 23, 57, 58 






Inirodiiction, 7 


II 
'-,4'. 4.' 


■: IJS 


J 
Jacket. Water, 88, 89 


af Fuels 
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Joints, Flexible, 187 



Jum|>-spurk, 82, 124 
Jumr-spark Coil, 136 



Mechanical Efficiency, 29 
Mechanical Mixers, 99 
Mechanics I ly-operateri Valves, 



Kerosenf. fuel, 179 


Mechaniun, Valve, 55 


Kingston C'arburt-tor, 104 


Mixers, Mechanical, 99 


Kiiighl Molor. 61, 63 


Mixing- Valves. Cadillac. 105 


Kricr (■iirburi-H)r, 103 


Mixture, Anti-freezing, 339, 330 




Morgan Priming Cuji, 333, "4 


1- 


Motors, Air-cooled, 75, 82, 107 


l.RAKS, 192, 215, 316 


Motors, Balanced, 70, 73 


L-Hi-ad Motor, 59 


Motors, Elmore, 45 


Liflcr, Valve, 220 


Motors, Explosive, 15 


Limit Gauges. 83 


Motors, Ferro, 70 


I,ock Nuls, 213 


Motors, Four-cycle. 21, 54 


I^w-tension Magnetos. 129 


Motors, Four-port, 32 


Lubrication. 114. 121 


Motors, Four-stroke, 21, 25 


Lubrication, Buffalo. 120 


Motors, Crasser. 36 


Lubrication, I-'cm>, [20 


Motors, Gray. 32 


Lubricators, Dftroit, 115 


, Motors, Installation of, 182-ig.s 


l.iibriratnrs, Forct-ftiil, 114 


Motors, Knight, 61 , 63 


Lubricators, Cravily. 1 14, 1 15 


Motors, l^head, 59 


Lubricators, Osgonil, llfi 


Motors, Open-base, 41 


M 


Motors, Opposed-cylinder, 70, 


Macimcts, 126. 129 


Motors, Parts of, 75 


.\hi(tnerii- Field. 1:6 


Motors, Reynolds. 64-68 


Maijfielos, 126 


Motors, Rotary-valve, 64-70 


MaBwlos, Comt't, i.vi 


Motors, Kusscll, 69 


MiiRnelos, Kidman, 130 


Motors, Si lent -valve, 69 


Magiielos, Kurekii, 130 


Motors, Six-cycle, 15 


Manru-tos llinriiks, i,vi. 13' 


M.-twH, Slecvc-valve, 61-63 


M^Km-los, H{);h-t nisi. Ill, i<i> 


Motors. T-head, 59 


MaKiii'los, Holly. 13" 


Motors. Two-cjck-, 15, 32 


MaKm.i..s,Lo«-I..T,,i<,n. .-V, 


Motors, Two- port, 32 


Mannilo>, Ki-my, 1311 


M<.l,.rs.Two.strok.-, 15.32 


M;mmlo,, Split,|..rf, I.V 


Motors. Twrt-threc-pcirt, 32, 33 


\t,ik.' ai«[ Hr.';ik l);iiil.'iN 151 


., MulH-rs, Ili2 


IM 


Mullii-rs, Kjii-tor, 170-173 


M.iki-.iniUtn-.ikSyf.wr,\,V.2,\2 


^ WuttU-Ts. Vaiikci-, 170-171 
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Multiplc-fct'd (Jilers, 114, 115 
Mushroom valves, 55 

N 

Non-vibrating Coils, 137 
Nuts, Lock, 213 

O 

Offset Cranks, 69, 70 

Offset Cylinders, 69, 70 

Ohms, 125 

Oils, 180 

Oil, Amount of, 182 

Oilers, 114, 115 

Oilers, Force-feed, 115 

Oilers, Gravity, 114, 115 

Oilers, Multiple-feed, 114, 115 

Oil Rings, 120, 123 

Oil- Rings, Buffalo, 120, 123 

Open-base Motors, 41 

Opposed-cylinder Motors, 70, 71 

Orswell System, 140 

Osgood Lubricators, 116 



Packing (pump), 205 
Packing, Stuffing-box, 205 
Parts of Motors, 75 
Perfex System, 140 
Petticoat Plugs, 143 
Pins, Piston, 84 
Pipe, Exhaust, 185 
Pipe, Gasolene, 191, 192 
Pistons, 15, 21, 83 
Piston-pins, 84 
Piston-rings, 84 

Piston-rings, Removing, 224, 
225 



Plate, Compression, 41 
Plates, Side, 87 
Plugs, 83, 88 
Plugs, Breech-block, 86 
Plug-coils, 141 
Plugs, Conical, 143 
Plugs, Edison, 146, 148 
Plugs, E-Z, 146, 147 
Plugs, Ignition, 88, 148 
Plugs, Magneto, 146, 148 
Plugs, Petticoat, 143 
Plugs, Rajah, 145, 146 
Plugs, Reliance, 143, 144 
Plugs, Spark, 142, 148 
Plugs, Standard, 143 
Plunger Pump, 109 
Points, Contact, 136 
Poles, 126 
Polishes, 227 
Poppett Valves, 55 
Ports, 16 
Ports, Air, 43 
Ports, Fourth, 36 
Ports, Third, 36 
Ports, Transfer, 36 
Ports, Two, 32, 33 
Powell Engine, 41 
Power, Horse-, 30 
Preface, 5 
Primary Coil, 126 
Primary Winding, 136 
Primary Wire, 198 
Priming Cups, 223, 224 
Pumps, 109 
Pumps, Gas, 47 
Pumps, Gear, in 
Pumps, Packing, 205 
Pumps, Plunger, 109 
Pumps, Rotary, no 
Push-rods, 57, 59 
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Race, Ball, 223 
Radiators, 82, 108 
Rajah Plugs, 145, 146 
Rcid Hxhaust, 166, 167 
Reliance Plugs, 143, 144 
Reliance Terminals, 202 
Removing Piston-rings, 224, 225 
Remy Magnetos, 130 
Reynolds Motors, 64-68 
Ribbon Vibrators, 138 
Rings, Oil, 120, 123 
Rings, Piston, 84 
RchIs, Connecting, 45, 85 
RckIs, Push, 57, 59 
Rotar>' Distributor, 49 
Rotary Pumps, no 
Rotary Valves, 48, 49 
Rotary-valve Motors, 64-70 
Russell Motors, 69 

S 

SC'HEBLER C'ARBLRETOR, IOO, 
102 

Screw, Adjusting, 136 

Secondary Coil, 126 

Secondary Winding, 1 36 

Secondary Wire, 198 

Shafts, ('rank, 19, 90 

Shims, 225 

Shunl, 126 

Side Plates, 87 

Silent -valve Motors, 69 

Silencers, 162 

Silencers, Hydrex, 172, 173 

Silencers, Thermex, 173, 174 

Six-cycle Motors, 15 

SU»eve-valve Motors, 61-63 

Smalley Engines, 39 



Smoke, 182 
Soldering, 198 
Solocoil, 141 
Spark, Jump, 82, 124 
Spark Plugs, 142-148 
Sparking Points, 139 
Splitdorf Magneto, 130 
Spur Gear, 56 
Staples, 196 
Stem, Valve, 55 
Stroke, Firing, 16, 21 
Stroke, Four, 21, 25 
Stroke, Idle, 26 
Stroke, Two, 15, 32 
Stuffing-box Packing, 205 



Tables, 263 

Table of Troubles, 231-245 
Tanks, Gasolene, 193 
Temperature of Cylinders, 179 
Terminals, 201, 202 
Terminals, Ball and Socket, 20 
Terminals, Connwticut, 203 
Terminals, Reliance, 202 
Terms, Glossary of, 246-262 
T-head Motors, 59 
Thermex Silencers, 1 73, 1 74 
Third Port, 36 
Three-cylinder Motors, 51 
Three-port Motors, 32, 33 
Three-way V^alvc, 191 
Throttle Governors, 176 
Throttle Valves, 43 
Tightening Bearings, 212 
Tightening bolts, 219 
Timers, 136-147 
Timers, Simple, 148 
Timers, Tuttle, 150-152 
Tools, 208-212 
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iding, 221 
/c-lifting, 220 
:)rts, 36 

Table of, 231, 245 
ers, 150, 152 
Motors, 15, 16, 25, 

viotors, 32, 33 
,' Motors, 15, 32 
port Motors, 36 

U 
ER Exhaust, 165, 

mged, 182 
?xiblc, 187 



.94 

toniatic, 57 
cck, 109 
troit, 191 

•.56 

ding, 219, 222 
ding tools, 221 
?ad Motors, 59 
akc, 22, 23, 57, 58 

T^, 220 

hanism, 55 
echanically-operatcd. 



Valve, Mixing, 105 
Valves, Mushroom, 55 
Valves, Poppet t, 55 
Valves, Rotary, 48, 49, 68, 70 
Valves, Silent, 69 
Valve Stem, 55 
Valves, Three-way, 191 
Valves, Throttle, 43 
Vaporizers, 36, 99 
Vibrators, 136, 138 
Vibrators, Feather, 138 
Vibrators, Hammer, 138 
Vibrators, Ribbon, 138 
Volts, 125 
Voltage, 124 

W 

Water Circulation, Ferro, 

113 
Water Jacket, 88, 89 

Weights, Balance, 92 

Wheels, Fly-, 95 

Wico Igniter, 131-136 

Winding, Primary, 136 

Winding, Secondary, 136 

Wire, 195, 196 

Wire, Primary, 198 

Wire, Secondary, 198 

Wiring, 191-202 



Yankee Mufflers, 170, 171 
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lTalogue of good, practical books 



AUTOMOBILES AND MOTORCYCLES 

^m Gasoline AutomobUe — Its Design, Constnictlony and Opera- 
, W8 Edition. By Victor W. Pag£, M.S.A.E. 

is the most complete, practical and up-to-date treatise on gasoline automobilen and their 
onent parta ever published. In the new revised and enlarged 1918 edition, all phases of 
lobile construction, operation and maintenance are fully and completely described, and 
guage anyone can understand. Every part of all types of automobiles, from light cyclo- 
to heavy motor trucks and tractors, are described in a thorough manner, not only 
jtomobile, but every item of it; equipment, accessories, tools needra, supplies and spare 
necessary for its upkeep, are fully discussed. 

learly and concisely written by an expert familiar xviUt every branch of the automobile industry 
ie originator of the practical system of self-education on technical subjects. It is a liberal edu- 

in the autonu^le art, useful to all who motor for either bttsiness or pleasure. 
le reading the incomparable tr^itise is in touch with all improvements that have been 
in motor-car construction. All latest developments, such as high speed aluminum motors 
aultiple valve and sleeve-valve engines, are considered in detail. The latest ignition. 
retor and lubrication practice is outlined. New forms of change speed gears, and final 
' transmission systems, and all latest chassis improvements are shown and described, 
book is used in all leading automobile schools and is conceded to be the Stand a kd 
nsE. The chapter on Starting and Lighting Systems has been greatlv enlarged, and 

automobile engineering features that have long pussled laymen are explained so clearly 
he underljdng principles can be understood bv anyone. This book was first publishtKl 
ars ago and so much new matter has been added that it is nearly twice its original size, 
inly treatise covering various forms of war automobiles and recent developments m motor- 
design as well as pleasure c^rs. This book is not too technical for the layman nor too elementary 
'. more expert. It is an incomparable work of reference for home or school. 1,000 6x9 pages, 
r 1,000 iUustrations, 12 folding plates. Cloth bound. Price $3.00 

WHAT IS SAID OF THIS BOOK: 

the best book on the Automobile seen up to date." — J. H. Pile, Associate Editor Auto- 
i Trade Journal. 

TV Automobile Owner has use for a book of this character." — The Tradesman. 
I book is superior to any treatise heretofore published on the subject." — The Inventice Aqe. 
know of no other volume that is so complete in all its departments, and in which the wide 
>f automobile construction with its mechanical intricacies is so plainly handled, both in 
•xt and in the matter of illustrations."— T/ic Motorist. 

book is very thorough, a careful examination failing to disclose any point in connection 
the automobile, its care and repair, to have been overlooked." — Iron Age. 

Pag6 has done a great work, and benefit to the Automobile Field." — W. C. Hasford, 
Y. M. C. A. Automobile School, Boston, Mass. 

just the kind of a book a motorist needs if he wants to understand his car." — American 
Herman. 



1 T Ford Car, Its Construction, Operation and Repair. By Victor 
»ag6, M.S.A.E. 

is a complete instruction book. All parts of the Ford Model T Car are described and 
uted; the construction is fully described and operating principles made clear to everyone. 
'^ Ford owner needs this practical book. You don't have to guess about the construction 
ere the trouble is, as it shows how to take all parts apart and how to locate and fix all 
The writer, Mr. Pag<^, has operated a Ford car for many years and writes from aotuul 
ledge. Among the contents are: 1. The Ford Car: Its Parts and Their Functions 
c Engine and Auxiliary Groups. How the Engine Works — ^The Fuel Supply System— 
'arburetor — Making the Ignition Spark — Cooling and Lubrication. 3. Details of Chassis. 
?e Si>eed Gear — Power Transmission — Differential Gear Action — Steering Gear — Front 
-Frame and Springs — Brakes. 4. How to Drive and Cat^ Iqt iVvt ¥■«?<!. TVsr Ccv^xVt'ck 
n Exnininod — 8farting the Motor — Driving the Cat — \joca.\}vTW?s "^ooaAjsAvs "^xw-^^'t-^—- 
'epHirs—OiUng the Chassis— Winter Care o! Cat. h. ^^^textv^jOvt \iac».<\wv ^V^y^^, 
y7jer/y«9 Faulta in Engine— Faults in CarbuTeVoT— UvCxXawv J^x^n^^^--^^ 
fton System Defects— Adjustment of TrauamVsaxoTi Cicax— OcclwjX ^Xvssassx^ 
'ations. .iOO pages, 2 large folding plates. Pt\co ' ' 



THE NORMAN W. HENLEY PUBLISHING CO. 



Automobile ReiNdring Made Easir. By Victor W. Faq±, M.SA.E. 

A compreheiuivc, practical exposition of every phase of modem automobile repairi 
tioe. OuUineif every prooen incidental to motor car restoration. Gives plans lor « 
construction, suggestions for equipment, power needed, machinery and tools necci 
carry on business successfully. Tells how to overhaul and repair aJU parts of i 
mobiles. Everything is explained so simpy that motorists and students can aoqnu 
working knowledge of automobile repairing. This wwk starts with the «w«ji*wi, tlioi « 
carburction, i^ition, cooling and uikmcation systems. The clutdi, chance ^eed 
and transmission system are considered in detail. Contains instnactiooa for rqpa 
typos of axles, steering gears and other chassu parts. Many tables, short cuts m 
and rules of practice are given for the mechanic. Explains fully valve and msgnetc 
"tuning" engines, systematic location of troublej repair of ball mad roller bearings, die 
first aid to injured and a multitude of subjects of mterest to all in the garage and repair I 
This book contaitiM specicd instruetiona on electric atartinOt lighting anaigniticn mat 
repairing and rebuilding, autogenous totlding, braaing and aMering, heat treatment cfstt 
timing practice, eight and twehe-eylinder motcra, etc. 5H>8« Cloth. 1,Q56 pages, 1,C 
trations, 11 folding plates. Price 



WHAT IS SAID OF THIS BOOK: 

'"Automobile Repairing Made Easy' is the best book on Uie subject I have ever ; 
the only book I ever saw that is of any value in a garage."— Fred JefTrey, Martinsbi: 
"I wish to thank you for sending me a copy of 'Automobile Repairing Made Koa: 
not think it could be excelled."— -S. W. Gisnel, Director of Instruction, Y. M. C. A 
ddphia, Pa. 



Questions and Answers Relating to Modern Automobile Constn 
Driving and Repair. By Victor \V. Pag6, M.S.A.E. 

A practical self-instructor for Htudents, mechanics and motorists, consisting of thii 
lessons in the form of questions and answers, written with special reference to the 
ments of the non-technical reader desiring easily understood, explanatory matter 
to all branches of automobiling. The subject-matter is absolutely correct and expl 
simple language. If you can't answer all of the following questions, you need this wo 
answers to these and over 2.000 more are to be found in its pages. Give the name c 
portant iwrts of an automobile and describe their functions. Describe action c4 lat4 
of kerosene carburetors. What is the difference between a "double" ignition systei 
"dual" ignition system? Name parts of an induction coil. How are valves timed 
is an electric motor starter and how does it work? What are advantages of worm dri 
ing? .\ame all important types of ball and roller bearings. What is a "three-quarte 
iuR axle? What is a two-s|)eed axle? What is the Vulcan electric gear shift? Name tii 
of inut |)ower in automobiles. Describe all noises due to deranged mechanism and giv« 
How can you adjust a carburetor bv the color of the exhaust gases? What causes "p 
in the carhun^tor? What tools and supplies are needed to equip^ a car? How do yi 
viinouM niak«^ of care? What in a <litTerential lock and where is it used? Name • 
syitteiuit of wire wheel construction, etc , etc. A popular work at a popular price. « 
Cloih. Mi) i^ngos, 350 illiutrations. 3 folding plates. Price 



WIl.VT IS SAID OF THIS BOOK: 

"If yii»i own :i I'Jir — not this h<M>k." — TA*- Glats^rorker. 

"Mr. P:tiri> hni4 t\\o fsuMiltv of makinfc difficult subjects plain and understandable. **• 

"Wo r;in ii;tnu' no writer Ivttor qualiHod to prepare a book of instruction on aut4 
th:in Mr \irtor W rau^." — Sriiutijit' Art.frii-an. 

*' rill' iM'^t tiiitoiMoltilo rativhi-^nj that h:i!* appeared." — Automobile Topica. 

" I'firir Hrr frw mi»n. even w\\\\ \oi\ft o-jtvoTwucv, who will not find this book useful 
fmiii'* hnvf Ui'ii takfii to makt' u -Aocwrsvu^ '!?>v«'r\a\ T*c«nse«w4a.twMi most be give 
i/Ai^ffviMoM'.. wiiii-h h:»vc K*ou i^\a*V ^\v■'vvA\\v Wt x\vft^^^«^- ^ %m^i 'GmsS^t'oX V«!ski 
tfrrvir/.r .i.xsi.^i in fully uiulori.iiU\d\ut nout ^vk\otcvo\>\\cV — ^En«\iM«VRa «««%* 



CATALOGUE OF GOOD, PRACTICAL BOOKS 



lern Starting, Lighting and Ignition Systems. By Vktok W. Vmik, M. 

ThU jirarti<!al voIuiup Hoh itwui written with 8|i«'ritil n'fon-mr to ihr nHiuimiM-iii."' nf ilu- im 
tecLiiir-iU roadnr dotfirinK pahily uiulrrhtcKxi, oxplunaltiry inutlcr, rclaliiiK to all ty|M-.- <it am 
mobile iKniuoii, ittartinK and lighting Hy»U'niM. It cun In* iindci»to(Kl l>y iinymu', r\<'ii wiihu 
electrical knowlfdKi'i bcfcauMC I'lciiioiitury clcrtrical iiriiu'ii>l«-H uro coiiriidi n-d l>i i«>r«' any ; 
tempt in made to disriUMf ffUturt-M of iho vuriouh nystcniM. 'I'hir^r buKir |>riiii-i|il<T- an- (-l<>ai 
Stated and illustcated with siniplo diuKntiUii. .1'/ /^< Itnuiiny fiynttmH of ^Uirtnuj, luiUuuj a 
iffnition harr bten described atul illuMnUtd uuth t/u co-it j>trai ion of th txittrt- » w /./i/.v"/ '>.'/ i 
manu/arturtTB. Wiring diaxranm aro shown in l>oth technical and niin-tcchnical tOrin.-* 
aymboli* are fully cx^lainetl. It is n conipn^icnsive review of niodi-rn .MtaitiiiK :in<iieiiiii 
ByMtoni praetiee, and mcludes a eoniplete exix>.sition of ^to^aKo battery eoiiBtructiiiii, <-are a 
itrpair. All type;* of startiuif niot^rf». Kcncrators, maKucto-i, and all iKuitioii or li»{)itiii»; .sy.^tfi 
uuibf are fully explained. Knry prrnon in ihr nutonothiU- buitints* nmlx that vulunn . Aino 
M>iii«« of the nubjeetA tn>at(id are: I. -Kli'riu-ntary Klertririty; Current I'lnflm iiciii; FKr 




BoiKh-Uushmore, (leneniotor, North-lOast, etr. VI. -l.iH-atinKund Itepaiiini; Troulil«- in St:ii 
ins arid Lifchtinic Syatoms. VII. —Auxiliary. Kh-etrie Sy-teiiw; Clea^-^lliftin»^ l»y lilcftneit 
Warninjc Signala; Klnetrie Hrake: Kntx-TranMinis:<ioii, Wa^ner-Saxon ('ircuit-., \Vnt!ni 
.Studebaker Cireuita. 5'4x7''a. Oloth. oM) page.^, L*t»7 i"aMtration% ■'* foMih»t plat"- 
Price ............... ^t,{ 



Itonioblle Welding With ihe Oxy-Acetylene Flamo. By M. Kvavw Di'mia: 

This in the only complete book on the "why" and "how" <»f NVi-liHin: wiili tin- nxy-.\< «ty|i'i 
Flame, and from ilH puKCi< one eun Kain irihirinatitm .mi that lie ran ucl«i :inyt)iiiii' ili.it < mn 
alonfc. 

No one can afford to l>e without thi.-^ j-onci-ie ImxjIx. a.^ it. tir>f •■x'>hiiii-i Mk- :i|i|i:ii:ttii- to I 
iumhI, and then covers in detail tin- ai-tual weMmjr of all anti»:no!»il«' part-. TIm" wlilinu' 
aluminum, rant iron, Hteel, <'op|MT, bra^s and inalli-aMc iron .s rli-aily i>\'il.-iiiii il. :i.-< \m 
aH the proix*r way to burn the carbon ont of tin- loinbustion h(M<l of ihi- n.iW<>i' Xdmhk; tl 
contentiii are: Chaptei I — .\pparatiis l\nitwlf>di;<-. Chapt'T II. -.-^luf* Iviuii.im t.t :ir 
Initial I'rocedun*. Chapter 111. -Ca-t Iron ('hai>ti-r IV.- - MinnihUMi. ( 1. ii."i \'. 
Steel. Chapter VI. — Midiealih- Iron, Cuopir, lira.-.-, lironzi-. Chaii'ei \ II -( 'nl or. hui 
ing ami other l.'«*e.s of nxyjriMi and .\<'«ryl«in'. (haitti-r \ III.-- Mow i«» I lyun- <<.-f o! NN -I 
ing. Iti7 jKi^'H, fully ill uMr.ii I'd I'mi- if*\X 



rase Batteries Simplified, liy Vicn.K \\\ Vma.. y\<\y.. 

A comprehensive treati.s*' di-vr)t(il entjrtly ti. M-niiiil.i!\ b;i'i«r!i« mii-I th. !• i: ■!■•■ [iii.< 
reruiir and use. 

TpiM iii the moat up-to-ilat*- book «>ti thi- siilii* • t 1 ?.-«iib« ^ fuilv mm lAii'. . I -ii.-.:.. 'I il 
Wiliard. U. 8. L. and (itlMT .-funi:."' lMitii\ loii:-.: in lin- ^\I•l■«^ t-..-i -!ii*'i '< • ■ ;»<■!■... m-I 
Rtationary and niarini' \sork. NotLiiiii i.t in.imit.iini- l-a- lui n •.:. ut. li ii..ir lii m:.'.! .1-..ii 
know about the practiral iii»«-i:iiion :iiul imh h; .-ti,rai.'i- l>atiiii - N-- ■!•!.. .- I ..■ ■ l"« 
alitrhtefl. The iiiht ructions fur (haiyini; ami i:ir« li:i\i r.i i-n n -n!" ;■.*■ ^m i 'i .■- ; ■ - ■■ I'l. 
SynopMH of Chapters: (liaptir I ■ >«i.iii'i- It:ittirv I )(\«loiiiiii nt ; Ivi- -.i -'■ i.< r> 
t#"rieH; Ix-ad Plate Tvim".- '1 In- K-ii-or- i\\\ K'\,\]^u■\• II >toiair<- r:i'iii\ • -i :':'"i-. 
Pliites ami CJird.^; I'ianr.' IMali-; I'min'- IM.»t.-^: N.,n-Iiiil I'laf.- : (i.:rt.."i l;-.''.i 
I>er<iKnit. f'haptir III t'liait'in:. M«'I,ihI-: Ijiiiifnt-; ('•.nvi iiit.-; i;i..i -•' If..' 
for CharKiiiK- Chaplii I\- It.itti ty IN |':iii-« anil M nntf n:ii< • ('li..|i'i' \ i'l.ii :■: 
Appli<'a(ion of .'^loiai.'i Hatti li. -■. <;!n.-.vM\ ..! St.ir.ii-i I'.ittiiv liri: ..- ..i"^ I'l/. \' 

Fully Illustnite.1. I'lie . S|.,|0 IK 



to Run an Automobile. By Vicroij W. I»\c;k. M.S.A.K. 

This treatisn* j'ive.-* r«»n<i-»- in•<tru•-(il>n^ foi "f.-irtinj; and runiiim^ all Mi.iK*- o<" ..•■ - .'iri*- a r 
mobiles, how To ran- ffjr tlu-ni. ami »riv*-.>< di.-'linrtivi' f«-;itun*.-i of rontn I. I).- n!.. i\ii 
Htep for shiftiniE U''ar-. controllinK •■ni.'ine.'-, etr. Amon^ tin* <'hai»t»-r.- coriLii!!'-'! :>r«-: I. 
Automobile P;ir/- and Tln-ir I'lim-tions. \l.— <io\vvaV ^V".vx\\\vi vwwV \Hv.v.\:. Vv-'v^v^vnv 
///. — jf'ypiea/ /f//r f "../iirol Sy.-ti'iiis. IV. — Cure o\ .\v\Vmvuv>\n\\vs. Vi^v.v.-v. "v-'V^, 
made iliUHtnition.f. Piiif .,.-•• ^ 
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The Automoblllst's Pocket ComiNuilon and Expense Record. Amng 
Victor W. Pag6, M.S.A.E. 

ThL) book is not only valuable as a convenient cost record but contains much inforauUion c 
to motorists. Includes a condensed digest of auto laws of all States, a lubricatioti so 
hints for care of storage battery and care of tires, location of road troubles, a&ti4 
solutions, horse-power table, driving hints and many useful tables and recipes of iutc 
all motorists. Not a technical book in any sense o! the word, Just a ooUectioa of pi 
facts in simple language for the everyday motorist. Price 



MotorG|rGles» Side Cars and Cydecars; their Constmetlony Manage 
and Repair. By Victor W. Pag£, M.S.A.E. 

The only complete work published for the motorcyclist and oyclecmrist. Describes f 
leading types of machines, their design, construction, maintenance, operation sad 
This treatise outlines fully the operation of two- and four-csrcle power plants and all i| 
carburetion and lubrication systems in detail. Describes all repreelhntative types 
engine clutches, variable speed gears and power transmission systems. Gives oocn^ 
structions for operating and repairing all types. Considers fully electric aelf-starti 
lighting systems, all types of spring frames and spring forks and shows leading contn^ m 
For those desiring technical information a complete series of tables and many fom 
assist in designing are included. The work tells how to figure power needed to climb 
overcome air resistance and attain high speeds. It shows now to select gear ratios for 
weights and powers, how to figure braking efficiency required, nves sises of belts and 
to transmit power sofoly, and shows how to design sprockets, oelt pulleys, etc. Thi 
also includes complete formula; for figuring horse-power, shows how dsmamometer U 
made, defines relfttive efficiency of air and water-cooled engines, plain and anti-frictio 
ings and many other data of a rractical, helpful, engineering nature. Remember tk 
get tliis information in addition to the practical description and instnictionji which al 
worth several times the rrice of the book. 550 pages. 350 specially made illustrai 
folding plates. C.Moth. rrire 



AUTOMOBILE AND MOTTOBCYCLE CHARTS 

Chart. Location of Gasoline Engine Troubles Made Easy — ^A Chart S 
Ing Sectional View of Gasoline Engine. Compiled by Victor W. 
M.S.A.E. 

It shows clearly all parts of a tj'pical four-cylinder gasoline engine of the four-cycl< 

It outlines distinctly ull parts liable to give trouble and also details the derangemej 

to inti-rfcro with smooth engine operation. 

Valuable to studcnU?, motorists, mechanics, repairmen, ganigcmen, automobile sal 

chuufFrufH. njotorbout owners, motor-truck and tractor drivers, aviators, motors 

and all othern who have to do with gasoline power plants. 

It simplifies location of all engine troubles, and while it will prove invaluable to the 

it ran be used to advantage by the more exiwrt. It should be on the walls of every 

and privaU' garage, automobile repair Hhop, club house or school. It can be carried 

automobile or pocket with ea»e, and will insure against loss of time when engine 

manifc8tH iti*elf. 

This sectional view of engine is a completer revi<»w of all motor troubles. It is prepare 

practical motorist for all who motor. Moro information for the money than ever 

offered. No details omitted. Size 25x38 inches. Securely mailed on receipt of 2i 

VbAFt. /^ea^lon of CarburetonTTO\L\Ae^lA^^^^»>^l* Ci«rcM^'\^\s^N 
FK Pag^:, M.S.A.E. 

Thisch^rt shows all p«rt« of a typical pres^suTo ^^J^^^^ot^^t'' V^^t^^ ^"^^ 
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u liocation of Ford Engine Troubles Made Eas^. Compiled by Vktok 
W. PAofi, M.SA.E. 

Thia ohowB clear sectional views depicting all portions of the Ford power plant and uuxiiiary 
gnwiy » It outlines clearly all parts of the engine, furl supply 8>'Htpni, ignition Kroup and 
"^vJ^**!! florstem, that are apt to give trouble, detailing all derangrnMrnts that arc liable to 
make an engine lose power* start hard or work irregularly. This chart is valuable tr) studentn, 
cywnen. ana drivers, as it simplifies location of all engine faults. Of great advantage as an 
instructor for the novice, it can be used equally well by the more expert as a work of n>fercnco 
and review. It can be carried in the tool-box or pocket with ease and will save itH cost in 
labor eliminated the first time engine trouble manifests itself. Prepared with Rp<>ciHl rcfor- 
enoe to the average man's needs and is a practical review of all motor troubles bcraune it in ba»<Ml 
on the actual experience of an automobile engineer-mechanic with the mechanism the chart 
deacribea. It enables the non-technical owner or operator of a Ford car to locate (>nKino 
derangenMnta by aystematic search, guided by easily recognized syniptoins inbtcati of by 
pueaawork. It makes the average owner independent of the roadside repair Hhup w}i(>n tour- 
ing Must be seen to be appreciated. SSise 25x38 inches. Printed on lieavy bond pa|)cr. 

*" 25 cents 



rt. LoMcatlon of the Motor Car Chassis. Compiled by Vicroit W. 
Pag£, M.S.A.E. 

This chart presento the plan view of a typical six-cylinder chassis of standard dpsJKn and all 
carta are clearly indicated that demand oil, also the frequency with whicli tliey inubt l>c 
lubricated and the kind of oil to use. A practical chart for all intcrcutcd in motor-car main- 
tenance. 8ise 24x38 inches. Price ^ CentS 

t. Location of Ignition System Troubles Made Easy. Compilod by 
Victor W. Pag£, M.S.A.E. 

In this diagram all parts of a typical double ignition system iising battery and nmKncto current 
are ^ovr-n, and suggestions are given for readily finding ignition troubieu an<i eliminatinic 
them when found. Size 24x38 inches. Price 25 CentS 

U Location of Cooling and Lubrication System Faults. Compiled V)y 

VicTou W. Pag6, M.S.A.E. 

This composite diagram shows a typical automobile power plant using pump circulate<l 
waterH'ooling system and the most popular lubrication mcthon. CJivea HUKKcstioiis for cur- 
ing all overheating and lo8.s of i>ower faults duo to faulty action of the oilinK or cooling ^roup. 
8ise 24x38 inches. Price '45 CentS 

t. Motwcyde Troubles Made Easy. Compiled by Victor W. Pa(;6, 
M^.A.E. 

A chart showing sectional view of a single-cylinder ga.soline engine. Tins chart ^iniplifie.s 
location of all power-plant troubles. A sinKle-cylinder motor in shown for simplicity. It 
outlines ctistinctly all parts liable to give trouble and also details the deniimoincnt.s apt to 
interfere with smooth engine oi)enition. This chart will prove of value to all who have to do 
with the operation, repair or sale of motorcycles. No details omitted. »Siz(; :U)x2() inchch. 

Price *Z5 cents 

AVIATION 



tion Engines, their Design, Construction, Operation and Repair. By 

Lieut. ViCTOB \V. Pag6, Aviation Section, S.C.U.S.R. 

A pnedcal work containing valuable \t\»Ituc\.vowb lot vr\sw"C\ssti. ^\.>^^«cv\»x ^x^'W^^^ 
aqumdron engineering officers and all inlcrcsUid 'm \>aa coT»Vr>MiSl\Wi> wv^ >aj^^^-vi^ ^^ ^^^^ 
power plmntB. » Wx V ^a^^-^ ^"^s^" 

rSf^rS!^ inrreasinK interest in tho study ol avV^Woiv, wA ^s^^l^^J^X^ ^v^vx^^ 

*t-^>ook suitabio for schools and homo study \i^X. ^>SV. ^\«»xVj ^^^^ 
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workings of the various aircraft cnipnea of foreign and domestic manufaetiite. 

This treatise, written by a rccognisod authority on all of the practical aapeeti of 1 

combustion engine construction, muntenanoe and repair fills the need as no other bos 

The matter is logically arranged; all descriptive matter is sim]^ expressed and ea 

illustrated so that anyone can uivdenitand airplane engine operation atia repair even i 

out previous mechanical training. This work is invaluable for uiyone destring to bee 

aviator or aviation mechanician. 

The latest rotary typos, such as the Qnome, Monosoopape, and Le Rhone, are fully en 

as well as the recently developed Vee and radial tsrpes. The subjects of earbuivtioo. IS 

cooling and lubrication also are covered in a thonmgh manner. The chaptera on Wf 

maintenance are distinctive and found in no other book on this subject. 

Invaluable to the student, mechanic and soldier wishing to enter tne aviation s e i i iu f. 

Not a technical book, but a practical, easily understood work of rrferenre for all ial 

in aeronautical science. 570 octavo pages. 2&3 spedally made engravings. Price . ^(^ 

GLOSSARY OF AVIATION TERMS 

Termes D'ATlatlon, EngUsh-French, French-English. Compiled by 1 
Victor W. Paqj^, A.S., S.C.U.S.R,, and Paul Montariol of the I 
Flying Corps, on duty on Signal Corps Aviation School, Mineola, L. I. 

A complete, well illustrated volume intended to facilitate conversation between I 

speaking and French aviators. A very valuable book for all who are about to leave f 

overseas. 

Approved for publication by Major W. G. Kilncr, S.C, U.8.C.O. Signal Cots A 

School. Haslehurst Field, Mineola, L.I. 

This book should be in every Aviator's and Mechanic's Kit for ready reference. 12% 

Fully illustrated with detailed engravings. Price 

• 

4Tlatlon Chart. Location of Airplane Power Plant Troubles Made 

By Lieut. Victor W. Pao^, A.S., S.C.U.S.R. 

A large chart outlining all parts of a typic4il airT)Iane power plant, showing the pointi 
trouble is apt to occur and sufCRestinR remedies for the common defects. Intende 
cially for Aviators and Aviation Mechanics on School and Field Duty. Price . . jj^ 

BRAZING AND SOLDERING 

Brazing and Soldering. By James F. Hobart. 

The only hook that Bhowa you just how to handle any job of bracing or soldering thai 
alouK; tt t<«llH you what inixtiiro to u.hj', how toniakc a lurnaoe if you need one. Full < 
nblc kiiikH. The fifth e<lition of thi.s book has ju!«t boon |>ubli8he<l, and to it much ne 
tor and a InrfEO nunil)<>r of tcstod formulae for all kindn of solders and fluxes have been 
IlluHtratod. Price 25 

CHARTS 

Aviation Chart. Location of Airplane Power Plant Troubles Made 

By Lieut. Vkttor W. PAdfi, A.S., S.C.U.S.R. 

A larKC chart outlining all parts of a typical air[)Itino iMjwor plant, showing the points 
trouble in apt to occur and HUfCKCHtinK renicnlicH for the common defect*. Intended csj 
for Aviators and Aviation Mechanics on School and Field Duty. Price .... j{0 

t^ubrlcatlon of the Motor Car Chassis. 

TAm rhart prv^onts the plan view o\ a typxcjA «Cvt-cn\W\ot ^^^'J^'^^^^^^^v^^ 
bU part^un, rlonrly imlirited that demand o\\, ^V*>,'^^Vx w^r^Xv^Ve^tAX^^^ 
tuhrtratod and the kind of oil to uho. A pracVvc-A\ cXmrV U.r vxW vxvVex^vt^ viv x^w. 

tcaanne. Size 24x3H inches. Price 
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fa« Enxlnr TrouUei Made Euy— A Chut SlMnrtiic Seetloiua View 
HBkMiUac EoBlne. Cumpiled b^ LiiuL Vicn» W. l-Aut, A.S., S.C.U.S. 

[It BlMin rlrsrly nil ;>aru of ■ typii^i 
lit outlin*- tluiiarily oil [>--- '--"- 



r Taiauliic to ■ 



■i tntcbw driTcra, avliiiari. ii 



Aviflenn, Duibii-lnwt uwuan. inuiur-trui-k aii>i tntcbw < 

u>4 i>U axhm wbn hurl- ts do with mKiliiin i»<iri-r pUnt*. 

It dmplUI** loi«llan <■[ all ntginn trgul'l'*. i>i>'l >)iita it will nova iDTsliublc to thr novi 

It T«a bP UKiI to wlvutlasa by Ibe nion I'lpirl It ■bDuld Ba oa thtf mils oi cviry pul 

lad privntD EUvJia, tutomobile "(•■Ir flinp. r1ii\) lioan er mIim)!. It can be rarrird in i 

tZtt itoclf' "' ' _ • M- ui w IBM.W na. w « oiwaB 



Btlon of Cwbaretlon Troublea Made Eur- 

Thi. rhuri liawt nil inrti nl u lyi.i.-nl ,„n:,„r tiid lurl mioftr *y 



frm 



lUlon oT iKnltton System Trt>ubles Made Kuj. 
iUon of CooUnic and Lubrication System Faults* 

TtiU Anrnpijiiit* r\\iul mhnwp t typinnl Dutamolnl^ pown plnat uitnff pump rirrtilntcd wut 
«>ciJins ■j-fctcm *n4 thn mnt popuUr JuhrirHrioh nirlhod. Givpb suiwcHHon^ lor i^uriiijc 

- 24x38 iDCbn. Priw 25 ecj, 



Mtm off fMI bifliM noaUea Hade Easr* Compiled by \'ictor ^ 
Pa«^118A.K 

ii'ctlcawl rkwi dcnirtinn nil poriioiu of the Ford i>o«h' plant nn<) nuiili.'' 
• •f claarly all partA of the enxine, fuel jiupply Byeleai, iKnilion j^mun a 
Hit aro apt to tfive trouMe. detailina all dennaenKnt« th.it are lijihic- 
wpomr, atait haid or vork imfuUrly. Tbig ebiirt ig valuable la niuilcn 

. --. ^- ._n. aa it Blmplllva location of ail cngmv faulta, (H (treat advantn^Ec nit 

lutraetor tot llM itovicc. it can ba tMd equalty mil br tlie own expert m a work cil lelervr 
■ikI rwiinr. It ma ba ouiied in the loolboa or pocket with eaae and will »avc iin rmt 
labor elimloMed tWHrat timo enipns tronbls manifeata itaelf. Prepared witli sivciii! r»F< 
en« 10 til* amnce iiaB]a Mmla and ia a pn^ie»l_reTiew rf all molar Iroublee hemutH^ ii 



'I 'saUea Iba Doo-twhiuea\ oomt at aoanMt dl %^«c&':™ ''»>«*»' 
'" ayataaiBtie nwch. fuidcd by «*^ i»«!«Jiir* ■ -"■ 

" ' • to bo kprndMcd. ffimfrU^^uftwk WrowA "m"™--^ ^ 
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Modern Submarine Chart— with Two Hundred Parts Numbered and S 

A cross-section view, showinff clearljr and distinctly all the interior of a Submarii 
latest type. You Kct more information from this chart, about the constructioa an 
tion of a Submarine, than in any other way. No details omitted — everything it 
and to scale. It is absolutely correct in every detail, having been approved by N 
ginccrs. All the machiuery and devices fitted in a modem Submarine Boat are ahi 
to make the engraving more readily understood all the features are shown in operati 
with Officers and Men in the act of performing the duties assigned to them in ser 
ditions. This CHART IS REALLY AN ENCYCLOPEDIA OF A SUBMARl 
is educational and worth many times its cost. Mailed in a Tube for 2 



Box Car Chart. 



A chart showing the anatomy of a box car, having every part of the car numbere 
proper name given in a reference liit. i'rice ^ 



Gondola Car Chart. 

A chart shouing the anatomy of a gondola car, having every part of the car numl 
its proper reference name given in a reference list. Price J 



Passenger-Car Chart. 

A chart showing the anatomy of a pa.'isenger-car, having every part of the car i 
and its prop<!r name given in a refert?nce list 2 



Steel Hopper Bottom Coal Car. 

A chart showing the anatomy of a steel Hopper Bottom Coal Car, having c\'pt>' p: 
car numbered and its proper name given in a reference list. Price 2 



Tractive Power Chart. 

A chart whereby you can find the tractive power or drawbar pull of any locomotivi 
making a figure. Shows what cylinders are equal, how driving wheels and steam 
affert the jwwer. What sized engine you need to exert a given drawbar pull or nn>i 
desire in this line. Price j 



Horse-Power Chart. 

Show.^ the horse-power of any stationary engine without calculation. No matter 
cylimior diameter of stroke, the nteam presi^ure of cut-ofT, the revolutions, or who 
(l(>n.^iiig or Ufjii-rorKlensing, it'n all the re. T.Hf^y to ui*e, acciirate, and saves time a 
lations. Ei»|H.'cittlIy useful to enginoera and designers. Price 5 



BoUer Room Chart. By Geo. L, ¥ow\.e.b.. 

A chart — size 14x2S inches — showxn^t \i\ KaoTweVrvc \>K>T%\)«it<\N^^^ Tisft<^»s5«S5s»\ri 

a mot lorn boiler room. The variouw \>at\.a uto b\\o>ntv \>toV«\\ ot T«\«\w^,-6Ki >^\> 

construrtion is fully illustmtod. Eac\. van vs ^^^'^^^. V^^^Y'^^^^^^^ ^^^> 

cprnspomrmK name, are given in a rUvs^utv Vtv^^^^^ ^ ^J^^^' >^^^ 

tioaary of the boiler room—the name* o\ luotc W^aw iW> vaxV^x^vx^^N^v, vxv« 
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COKE 

Coking Practice, Including Analysis of Materials and Product 

By J. E. Christopher and T. H. Byrom. 

This, the standard work on the subject, has just been revised. It is a practical work for tho 
wed in Coke manufacture and the recovery of By-products. Fully illueitratcd Mith fol 



ins plates. It has been the aim of the authors, in preparing; this book, to produce one whi 
Bball be of use and benefit to thoBe who are associated with, or interested in, the mode 
developments of the industry. Among the Chapters contained in Volume I are: Introdu 
tion; Classification of Fuels; Impurities of Coals; Coal Washing; Sampling and Valuati< 
of Coals, etc.; Power of Fuels; History of Coke Manufacture; Developments in the Co 
Oven Design: Recent Types of Coke Ovens; Mechanical Appliances at Coke (Jvens; Chci 
ical and Physical Examination of Coke. Volume II covers fully the subject of Dy-Produci 
Price, per volume $3.00 n< 

COMPRESSED AIR 

mpressed Air In All Its Applications. By Gardner D. Hiscox. 

This is the most complete book on the subject of Air that has ever been issued, and its thirt 
five chapters include about every phase of the subject one can think of. It may be call< 
an encyclopedia of compressed air. It is written by an expert, who, in its 005 page^, h 
dealt with the subject in a comprehensive manner, no phase of it bein^ omitted. Includ 
the ph>^ical properties of air from a vacuum to its hij^hest pressure, its thermodynamic 
compression, transmission and uses as a motive power, in the Operation of St.'itionary ai 
Portable Slachinery, in Mining, Air Tools, Air Lifts, Pumping of Water, Acidic, and Oil 
the Air Blast for Cleaning and Painting the Sand Blast and its Work, and tho Nunicro 
Appliances in which Compressed Air is a Most Convenient and Economical Transmitter 
Power for Mechanical Work, Railway Propulsion, Refrigeration, and the Various I'ses to whi< 
Compressed Air has been applied. Includes forty-four tables <jf the physical properties 
air, its compression, expansion, and volumes required for various kinds of work, nnd a li 
of patents on compressed air from 1875 to date. Over 500 illustrations, 5th Edition, i 
vised and enlarged. 
Cloth bound. Price ^.d 

Half Morocco. Price $6 .5 

CONCRETE 

icret« Workers* Reference Books. A Series of Popular Handbooks fc 
Concrete Users. Prepared by A. A. Houghton. 

The axdhor, in vreparing thin Series, has not only treated on the u»w»l types of construction, b 
explains and illustrates molds and systems that arc not patented, btU which art i«iual in raJ 
and often superior to those restricted by patents. These molds cure very easily and cheaply co 
alrtu^ed and embody simplicity, rapidity of operation, and the most successful results in the mold 
concrete. Each of these books is fully illustrated, and the subjects are exhaustively trt atrd in pla 
English. 

icrete Wall Forms. By A. A. Houghton. 

A new automatic wall clamp is illustrated w^ith working drawings. Other types of wall forn: 
damps, separators, etc., are also illustrated and explained. (No. 1 of Series) Price 50 CCnt 

ncrete Floors and Sidewalks. By A. A. Houghton. 

The molds for molding squares, hexagonal and many other styles of mosaic floor and sid 
walk blocks are fully illustrated and explained. (No. 2 of Series) Price 50 CCni 

tetieai Concrete Stto Construction. By K, K, '^wiCk^K^ws., 

Complete working drawings and apeciftcatiotift are ?,\votv \ot «fcN<ix^ ^'^^x^^'^'^wx^xSlS 
with Illustrations of molda for monoUthic and \>\ocVl w\oft. TV^\A>aV^. ^JS^i Xw^^ 
printed m this book are of the utmost vaVuc \u p\aTvmtv«. a.xA coroaX^vw^^^^^ ^ 

Crete atloe. (No. 3 of Series) Price 
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Molding Concrete Chimneys, Slate and Roof TDes. By A. A. HouGHn 

The manufacture of all types of concrete slate and roof tile ia fully treated. ValoaUi 
on all forms of reinforced concrete roofs are contained within its pages. The conrtv 
of concrete chimneys by block and monolithic systems is fully illustrated and desctflx 
number of ornamental designs of chimney construction with molds are shown in tlUs vil 
treatise. (No. 4 of Scries.) Price ^ | 

Molding and Curing Ornamental Concrete. By A. A. Houghton. 

The proper proportions of cement and aggregates for various finishes, also the metf 
thoroughly mixing and placing in the molds, are fully treated. An exhaustive treat 
this subject that every concrete worker will find of daily use and value. (No. 5 of fl 
Price Ml 

Concrete Monuments, Mausoleums and Burial Vaults. By A. A. Houqi 

The molding of concrete monuments to imitate the most expensive cut stone is es| 
in this treatise, with working drawings of easily built molds. Cutting inacriptiona m 
signs arc also fully treated. (No. 6 of Series.) Price H^ I 

Molding Concrete Bathtubs, Aquariums and Natatoriums. By A 

Houghton. 

Simple molds and instruction are given for molding many styles of concrete bathtubs, 
ming-pools, etc. These molds are easily built and permit rapid and succepsful work. I 
of Series.) Price ^ f 

Concrete Bridges, Culverts and Sewers. By A. A. Houghton. 

A number of omamontal concrete bridges with illuKtrntioni* of molds are gi\en. A coUi 
center or core for bridges, culverts and sewers ia fully illustrated with detailed instni 
for building. (No. 8 of Series.) Price ^ f 

Constructing Concrete Porches. By A. A. Houghton. 

A number of designs with working drawings of molds are full^ explained so any one can 
con.struct diflfcrcnt styles of ornaniental concrete porches without the purchase of exp 
molds. (No. 9 of Scries.) Price S# C 



Molding Concrete Flower-Pots, Boxes, Jardinieres, Etc. By A. A. Hougb 

The molds for producing many original designs of flower-pots, urns, flower-boxes, janUi 
etc., are fully illu.struttKl and cxpluine<l, so the worker can easily construct and operate 
(No. 10 of Scries.) Price 50 f 



Molding Concrete Fountains and Lawn Ornaments. By A. A. Hougc 

The molding of a number of designs of lawn sent**, curbing, hitching posts, pergolas, sui 
and other fonri.«* t>f ornanu-ntal rotKTotc for the ornamentation of lawns and gardens, ii 
illu8tra(«»tl and dosciibed. (No. 11 of Scries > Price 5# ( 



Concrete from Sand Molds. By -\. A. Houghton. 

A Practit-al Work treating on a process which has heretofore been held as a trade sec 

the few who possessed it. and which will successfully mold every and any class of omai 

conerete work. The process of molding concn^te with sand molds ia of the utmost pr 

value, j>oHsessing the manifold advantages of a low cost of molds, the eaae and rapid 

op^Tiition, porfpot details to a\\ ornv\n\outvv\ doH\gi\». den.sity and increased strrngtn i 

{'onrrrt4'. porfoct curing of tlie work w'\\\\o\iV vvVVv'wvXow twA \Xv^ ^ftav removal of the 

n'fsanllf^H of any un«lercuttintt t\\o. v\c^\vi.u wv.vv \\vv\v. \SVI \)A«jn&. "^>^>5 Ulus 

i'rirc 
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lamental Concrete without Molds. By A. A. Houghton. 

The process for making ornamental concrete without molds has long been held as a secret, 
and now, for the first time, this process is given to the public. The book reveals the secret 
and is the only book published which explains a simple, practical method whereby the con- 
crete worker is enabled, by employing wood and metal templates of different designs, to mold 
or model in concrete any Cornice, Archivolt, Column, Pedestal, Base Cap, Urn or Pier in a 
monolithic form — right upon the job. These may be molded in units or blocks and then built 
up to suit the specifications demanded. This work is fully illustrated, with detailed engrav- 
ings. Price $^.00 



icrete for the Farm and in the Shop. By H. Colin Campbell, C.E., E.M. 

"Concrete for the Farm and in the Shop" is a new book from cover to cover, illustrating and 
d^cribing in plain, simple language many of the numerous applications of concrete within 
the range of the home worker. Among the subjects treated are: Principles of Reinforcing; 
Methods of Protecting Concrete so as to Insure Proper Hardening; Home-made Mixers; 
Mixing by Hand and Machine; Form Construction, Described and Illustrated by Draw- 
ings and Photographs; Construction of Concrete Walls and Fences; Concrete Fence Posts; 
Concrete Gate Posts; Corner Posts; Clothes lane Posts; Grape Arbor Posts; Tanks; 
Troughs; Cisterns; Hog Wallows; Feeding Floors and Barnyard Pavements; Foundations; 
Well Curbs and Platforms; Indoor Floors; Sidewalks; Steps; Concrete Hotbeds and Cold 
Frames; Concrete Slab Roofs; Walls for Buildings; Repairing Leaks in Tanks and Cisterns; 
and all topics associated with these subjects as bearing upon securing the best results from 
concrete are dwelt upon at sufficient length in plain every-day English so that the inexperi- 
enced person desiring to undertake a piece of concrete construction can, by following the 
directions set forth in this book, secure 103 per cent, success evQry time. A number of con- 
venient and practical tables for estimating quantities, and some practical examples, are also 
given. (5x7.) 149 pages. 51 illustrations. Price 75 CentS 



»iilar Handbool£ for Cement and Concrete Users. By Mtron H. Lewis. 

This is a concise treatise of the principles and methods employed in the manufacture and use 
of cement in all classes of modern works. The author has brought together in this work all 
the salient matter of interest to the user of concrete and its many diversified products. The 
matter is presented in logical and systematic order, clearly written, fully illustrated and free 
from involved mathematics. Everything of value to the concrete user is given, including 
kinds of cement employed in construction, concrete architecture, inspection and testing, 
waterproofing, coloring and painting, rules, tables, working and cost data. The book com- 
prises thirty-three chapters, as follow: Introductory. Kinds of Cement and How They 
are Made. Properties. Testing and Requirements of Hydraulic Cement. Conciete and Its 
Properties. Sand, Broken Stone and Gravel for Concrete. How to Proportion the Materials. 
How to Mix and Place Concrete. Forms of Concrete Construction. The Architectural and 
Artistic Possibilities of Concrete. Concrete Residences. Mortars, Plasters and Stucco, 
and How to Use Them. The Artistic Treatment of Concrete Surfaces. Concrete Building 
Blocks. The Making of Ornamental Concrete. Concrete Pipes, Fences, Posts, etc. Essen- 
tial Features and Advantages of Reenforced Concrete. How to Design Reenforced Con- 
crete Beams, Slabs and Columns. Explanations of the Methods and Principles in Designing 
Reenforced Concrete, Beams and Slabs. Systems of Reenforcement Employed. Reen- 
forced Concrete in Factory and General Building Construction. Concrete in Foundation Work. 
Concrete Retaining Walls, Abutments and Bulkheads. Concrete Arches and Arch Bridges. 
Concrete Beam and Girder Bridges. Concrete in Sewerage and Draining Works. Concrete 
Tanks, Dams and Reservoirs. Concrete Sidewalks, Curbs and Pavements. Concrete in 
Railroad Construction. The Utility of Concrete on the Farm. The Waterproofing of Con- 
crete Structures. Grout of Liquid Concrete and Its Use. Inspection of Concrete Work. 
Cost of Concrete Work. Some of the special features of the book are: 1. — The Attention 
Paid to the Artistic and Architectural Side of Concrete Work. 2. — The Authoritative Treat- 
ment of the Problem of Waterproofing Concrete. 3. — An Excellent Summary of the Rules 
to bo Followed in Concrete Construction. 4. — The Valuable (^ost Data and Useful Tables 
given. A valuable Addition to the Library of Every Clement and Concrete User. Price .$2.50 



terprooflng Concrete. By Myron H. Lewis. 

Modern Methods of Waterproofing Concrete and Ot\\eT ^\.TweVMT^^. K ^^^'^^^^ ^^!^J^ 
of the Principles, Rules, and Precautions to be ObsoTVcd m N^ ?A.oT\^xc»o'cycv^ ^^\«^ v>*^^x \ 
Structures and Structural Materials. Paper bindVuft. \\\u¥»\t^\,vjd. ^x\c^ . . . . ox» 
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DICTIONARIES 



Aviation Terms, Termes D*A?latlon, English-French, French-Eng 

Compiled by LieutvS. Victor W. Pag6, A.S., S,C.U.S.R., and Paul I 
TARioL, of the French Flying Corps, on duty on Signal Corps Aviation Sc 
Mineola, L. I. 

The lists contained are confined to <»8ential8, and special folding plates are included to 

all important airplane parts. The lists are divided in four sections as follows: 1.— rl 

Field Terms. 2.— The Airplane. 3.— The Engine. 4.— Tools and Shop Terms. 

A complete, well illustrated volume intended to facilitate conversation between EncBrin 

inff and French aviators. A very valuable book for all who are about to leave for datgi 

seas. 

Approved for publication by Major W. G. Kilner, S.C., U.S.C.O. Si^^nal Corps Aviation 8 

Hazclhurst Field, Mineola, L. I. This book should be in every Aviator's and Mec^yuna 

for ready reference. 128 pages, fully illustrated, with detailed engravings. I^ice . . | 



Standard Electrical Dictionary. By T. O'Conor Sloane. 

An indispensable work to all interested in electrical science. Suitable alike for the si 
and professional. A practical handbook of reference containing definitions of about 
distinct words, terms and phrases. The definitions are ter^e and concise and include 
term used in electrical science. Recently issued. An entirely new edition. Should 
the possession of all who desire to keep abreast with the progress of this branch of m 
Complete, concise and convenient. 682 page?, 393 illustrations. Price | 



DIES— METAL WORK 

Dies: Their Construction and Use for the Modern Working of Sheet Me 

By J. V. WOODWORTH. 

A most useful book, and one which should be in the hands of all engaged in the press wc 
of metals: treating on the Designing, Constructing, and Use of Tools, Fixtures and Dt 
together with the manner in which they should be used in the Power Press, for the cbesi 
rapid production of the great variety of sheet-metal articlci* now in use. It Is det 
as a guide to the production of sheet-metal parts at the minimum of cost wit 
maximum of output. The hardening and tempering of Press tools and the classes of 
which may be produced to the best advantage by the use of dies in the power prem are 
treated. Its 515 illustrations show dies, press fixtures and sheet-metal working device 
descriptions of which arc so clear and practical that all metal-working mechanics will b( 
to understand how to design, construct and use them. Many of the dies and press fii 
treated were either coiiatructod by the author or under his supervision. Others were bu 
skilful mechanics and ar«^ in use in large sheet-metal establishments and machine i 
6th Revised and Enlarged Edition. Price | 



Punches, Dies and Tools for Manufacturing in Presses. By J. V. W 

WORTH. 

This work in a companion volume to the author's elementary work entitled **Die8: 

Construction and Tse." It does not go into the details of die-making to the extent < 

author's previous book, but gives a comf>rehen.sive n*view of the field of operations earn 

by presses. \ large part of the information given ha.s been drawn from the author's pe< 

experience. It might well be termed an Encyclopedia of Die-Making, Punch-Making, 

Sinking, Shoet-Met&l Working, and MaV\uwLol^\wc\tk.\TooV*, Sub-presses, Devices and Me< 

ca/ Combinations for Punching, CulUng, \VtvA\u«., Votvcv\vv^,V\<;wvTk^i., pawing, Compr 

Bnrt Assembling Shect-Mctal Parts, and ».\ao \n\c\^ o\ oVXviiT VV«\«cNa^& >». Vw^^tss&it ' 

2d Edition. Price 
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rop Forging, Dle-Slnklng and Machine-Forming of Steel. By J. V. 

WOODWORTH. 

This is a practical treatise on Modem Shop Practice, Processes, Methods, Machine Tools, 
and Details treating on the Hot and Cold Machine-Forming of Steel and Iron into Finished 
Shapes: together with Tools, Dies, and Machinery involved in the manufacture of Duplicate 
Forgings and Interchangeable Hot and Cold Pressed Parts from Bar and Sheet Metal. This 
book fills a demand of long standing for information regarding drop-forgings, die-tsinking and 
machine-forming of steel and the shop practice involved, as it actually exists in the modern 
drop-forging shop. The processes of die-sinking and force-making, which are thoroughly 
described and illustrated in this admirable work, are rarely to be found explained in such a 
clear and concise manner as is here set forth. The process of die-sinking relates to the engrav- 
ing or sinking of the female or lower dies, such as are used for drop-forgings, hot and cold 
machine-forging, swedging, and the press working of metals. The process of force-making 
relates to the engraving or raising of the male or upper dies used in producing the lower dies 
for the press-forming and machine-forging of duplicate parts of metal. 

In addition to the arts above mentioned the book contains explicit information regarding the 
drop-forging and hardening plants, designs, conditions, equipment, drop hammers, forging 
machines, etc., machine forging, hydraulic forging, autogenous wHding and shop practice. 
The book contains eleven chapters, and the information contained in these chapters is just 
what will prove most valuable to the forged-metal worker. All operations described in the 
work are thoroughly illustrated by means of j)erspective half-tones and outline sketches of 
the machinery employed. 300 detailed illustrations. Price $^*50 



DRAWING— SKETCHING PAPER 



ictleal Perspective. By Richards and Colvin. 

Shows just how to make all kinds of mechanical drawings in the only practical perspective 
isometric. Makes everything plain, so that any mechanic can understand a sketch or drawing 
in this way. Saves time in the drawing room, and mistakes in the shops. Contains practical 
examples of various classes of work. 4th Edition. Price 50 CCntS 

tear Perspective Self-Taught. By Herman T. C. Kraus. 

This work gives the theory and practice of linear perspective, as used in architectural, engineer- 
ing and mechanical drawmgs. Persons taking up the study of the subject by themselves will 
be able, by the use of the instruction given, to readily grasp the subject, and by reasonable 
practice become good perspective draftsmen. The arrangement of the book is good; the plate 
18 on the left-hand, while the descriptive text follows on the opposite page, so as to be readily 
referred to. The drawings are on sufficiently large scale to show the work clearly and are 
plainly figured. There is included a self-explanatory chart which gives all information neces- 
sary for the thorough understanding of perspective. This chart alone is worth many times 
over the price of the book. 2d Revised and Enlarged Edition. Price $!3*50 

f-Taught Mechanical Drawing and Elementary Machine Design. By 

F. L. Sylvester, M.E., Draftsman, with additions by Erik Oberg, associate 
editor of "Machinery." 

This is a practic;al treatise on Mechanical Drawing and Machine Design, comprising the first 
principles of geometric and mechanical drawing, workshop mathematics, mechanics, strength 
of materials and the calculations and design of machine details. The author's aim has boon 
to adapt this treatise to the roquiroments of the practical mechanic and younjr draftsnmn 
and to presRnt the matter in as clear and concise a manner as possible. To moot the doniaTicls 
of this class of students, practically all the important elements of machine design have boon 
dealt with, and in addition algebraic formulas have been oxplaine<l, and the olomonts of 
trigonometry treated in the manner host suittnl to the needs of the practical man. The book 
isiivri l3 1 into 2) chapters, and in arranging the material, mechanical drawing, pure and simple, 
has been taken up first, as a thorough understanding of the prinoinles of representing objoofs 
facilitates the further study of mechanical subjects. This is followed by the mathematics 
necessary for the solution of the problems in machine design which are presented later, and a 
practical introduction to theoretical mechanics and the strength of materials. The various 
elements entering into machine design, such as cams, gears, sprocket-wheels, cone pulleys, 
bolts, screws, couolings, clutches, shafting and fly-wheels, have been. tc«a.t.«i.d \s^ -^^s-^V ^ ^-^c^ 
as to make possible the use of the work as a toxVbooV. \ox %. coTv^Mi>\c>ws» ^«^x^^ ^\ •^^^^" v 
is easily comprehended and assimilated even V>y atuAcxv\s c!l \vkvv\.«^ ^t«ssx^>jl^ n^^^sassv ^-^ 
pagea, 215 entsravings. Price » 
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A New Sketching Paper. 

A new specially ruled paper to enable you to make Bketches <Mr drawingiB in isometric ] 
tive without any fifcunnK or futwins. It is being used for shop details as well aa f or a 
drawings, as it makes one sketch do the work of three, and no workman can help see 
what is wanted. 
Pads of 40 sheets, 6x9 inches. Price 25 

Padsof 40 sheets. 9x12 inches. Price ^ 

40 sheets, 12x18 inches. Price 



ELECTRICmr 



Arithmetic of Electricity. By Prof. T. O'Conor Sloans. 

A practical treatise on electrical calculations of all kinds reduced to a aeries of rules, a 
simplest forms, and involving^ only ordinary arithmetic; each rule illustrated by one 
practical problems, with detailed solution of each one. Thb book is classed among 1 
useful works published on the science of electricity, covering as it does the mathen 
electricity in a manner that will attract the attention of those who are not familiar w 
braical formulas. 20th Edition. 160 pages. Price 



Commutator Construction. By Wm. Baxter, Jr. 

The business end of any dynamo or motor of the direct current type is the commutatc 
book ((oes into the designing, building, and maint4>nanco of commutators, shows how 
troubles and how to remedy them ; everyone who fusses with dynamos needs this. 4th 
Price 25 



Dynamo BuUdlns for Amateurs, or How to Construct a fifty- Watt By 

By Arthur J. Weed, Member of N. Y. Electrical Society. 

A practical treatise showing in detail the construction of a small dynamo or motor, t1 
** machine work of which can be done on a small foot lathe. Dimensioned working < 
are given for each piece of machine work, and each o|>eration is clearlv describe* 
machine, when u^ed as a dynamo, has an output of fiity watts; when used as a niot4 
drive a small drill press or lathe. It can be used to drive a sewing machine on anj 
ordinary work. The book is illustrated with more than sixty original engravings, sho 
actual construction of the (liflFerent parts. Among the contents are chapters on: 1. HI 
Dynamo. 2. Side Hearing HchIa. 3. Field Punching. 4. Bearings. 5. Commut 
Pulley. 7. Brush Holders. 8. Connection Board. 9. Armature Shaft. 10. Ai 
11. Arnmtiire Winding. 12. Field Winding. 13. Connecting and starting. 
PrilMT. Prire ^ 

Cloth. Price 



Electric Bells. By M. B. Slkepkk. 

A complete tn':Uii*i« for tin- i>r:i«ti<;il work<T in Installing. Oporatinf and Testing Bell 
Hurirlar Alurms, 'rhc?iiH»>t:itn, uiul «>th<T appjinitu.s u.se<l with EIe( trie Bells. 
Both the olr'ctrijiun :iinl tin- experinu'iit<T will find in thi.s hook new niat<>rial which i» 
ill tlicir work. Toolf>. Im-IIs. l>Mtteri«>. iinu^'iiiil circuit.^. hurRla*- alarnts. annuneiattor 
tli»'rmo>«tats, j-inuit hrcjikfrs. time nl.irms. and other appamti> aned in lx»ll circuiti 
^<•rilx*(l from tln' htnndiKiints of tlnir ap|iliration, ooii.'<trueti<?n and repair. The 
iii-tnietion for buil<Iiii)£ the nppurntu.'* will af>p<>:tl to thf exjMTim'Titer particularly. 
TIm' i)rarti<al work«T will find tlu* t'hapt«'r on Wirinu, Cahulatirh of Wire Siirs and 
Windinir. I pkeep of r'y^trniH, :in<l the I^w.-ition of FaultM. of thi- greatest value in tb 
Anmnx the chapters are: TooU and Materials for Bell Work; How and Whv Be 
Jiuttoru"^ for Sniali hiMtnllations; M;\Vmft WU^ \iT\d Push Buttons: Wiring Bell 
C'on.struftion of Annimriatorn aiu\ SimuiW-. W\tvl\vvt\ .Wvwtw?. wcv^ KvacvwVvsxv Anparatv 
/':/u/>ornto Boll .Sy.-^t^^'rnH: Finding Fau\\» ivuA \\o\uvA>ju\\i,'XWm. YiA\»ip»AvJ^'^"'» 
Prif'fj ....'_.. 
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Ic Ushtlng and Heating: Pocket Book. By Sydney F. W'alkku. 

Tluv book uutH in CDnvoniciit form u»cful iiifuniiatioii rcgiinlinR thi* apiiamtiH uliidi i.« lil 
to be attacnwl Ui the inaimi of an rlr<-trii-al ciinipany. TuMch of unitH ami <<|iii\:iliiit.-« an 
eluded and UM*ful olortriral lawH ami fornmlat* arc t»tatixl. -I'.is i>aK«'H. 'Mn) vnnnw iun-*. Ho 
in leather. Pocket book form. Price ]Q 



Ic Wlringy Dlagrems and Switchboards. Hy Newton IIakkison, w 
additions by Thomab Poppk. 

A thoroughly pnrtiral treati8r rovorinu the Hubiort of Elortric WiriiiK in all it> bni Mi- 
including explanations and diuKraniH which are tnorouKhly explicit anti urcarly ^iin]<liiy 
■abject. Practical, cvery-day nroblrniH in wiriuK :in> pn'm-ntiti and thr inctlKxl (if (»I>T: 
inc intelUj^nt rcflults clearly uiown. Only arithmetic in used, (ibni's law i^ ^ivcn a ^ 
pie en>lanation with reference to \iirinK for direct and alternating curnnt.-.. Tiic fiii 
mental principle of drop of j^otential in cirruitM is ahown with itM varioii^f iipplicatidn-^. 
rimple circuit is developed with the position of niainH, feederH and bran<>li('!<: tlicir ttcatii 
M a part of a wiring ^ilan and their eniploynient in hoiuio wirinie clearly illu.stnitnl. Si 
ample facta about testins are included in connection with the wirinic. Miildiit^; ami cmtk 
woric are iciven careful connideration; and HwitchlxKirtU are HyMtoinatically tnatcil, built 
and illustrated, showing the nurpotie they iierve. for connection with the i-inuit>., atiil t<i >h 
and compound wound machines. The ainiple principl(>s of nwitchboarvl <'i)[i..tt.ii-ti(>ii, 
development of the switchboanl, the connections of the varioua iustruniont>. iiw ludiiiL' 
lisfatnini^ arrester, are aleo plainly wt forth. 

ATtemaUns current wiring la tn-ateil, with explanations of the jx)wcr factor, comiitiDns ciii 
for various siies of wire, and a Binipln way of obtaining the kizi^s for MnKl'^pl)*"!'. t\M,-]il 
and three^hase circuits. This is the only complete work i.«<Hued Miowin^ and ti-llin:i you w 
you should know about direct and alternating curn>nt wiring. It i* a ri-:i<ly n-i' n-ri<i-. 
work ia free from advanced technicalities and matheniaticH, arithnietir Im-imk ummI Mirou;.rli( 
It ui in every respect a handy, well-written, instructive. conipn?lieii>:ve volume «in wii 
for the wircman, foreman, contractor, or electrician. L'nd Kevis^fl Kdition. .'((»■{ p:iK<>. 
illualrationa. Price ^1 



Hrie Furnaces and their Industrial Applications. Ry J. Wnicin. 

Tbis is a book which will provi: of iniere.-.t to many i'l:i7>.s<>r4 of in'o^ile; the in.inui'.M tuicr ^ 
desire s to know what ]ir<xlu<'t ciin be nianulMeiun-d r<ueies.><fully in tlie (|r. in.- iiii[i:i<«-, 
cbemist who wishes to ]>oht hiniMilf on t}ie e1«-<tro-cIienii^try. and tlie .^tiubiit •/ >' i- in-i- ^ 
?Iy looks into the subject troiu iMirio.-ity. New, Kevi-w-d antl Knlar^'.ed Lfiitinn. 
Fully illustratcil, cloth, i'rice )j^| 



ic Toy Making* Dynamo Building, and Electric Motor ronstnicUi 
By Prof. T. O'Conok Sloan k. 

Thbl work treats of the making at liome of i'I"ctri<:il toys, eleetrieal appaiaHi.-. un.inr-. «lyii:iii 
and instruments in general, and is de.<.iuned to hrinK ^^iiliin (lie iea<-li ut >'-uiij: :iii i cM 
manufacture of genuine and u.selul eleetiiial appUamiT^. The work i>^ e.-.ii(i-i:iil.\ ili .-iu[i<<! 
amateurs and young folks. 

Thousands of our young |)Cople are d.-iilv exp<rinientin:!, ami bu^ih ■ iar<i:£iii in ;■! t^iTiL'. •- 
trical toys and apparatu.'* nf variou.s kind- Tlie present work is ju-t wlnt i- v. siitiil tn ; 
the mucli needed information in a f)lai>i, |ir;ii-(ieal manner, wiMi illu>trati(in^ t<i ;;iiki • 
the carrying out of the work. I2c)r.|i i:iliti<iii. IVue S} 



r 



Idty Simplified. Hy Pmf. t. (^(^>^(IK Sloam:. 

The oljject of "I-'-leelrieity Simiilirnil" is (o m:ik«« tlie subjeei ns ]»l:iiii :i-. pi.-'Mt 
to show what the miHlern ennri'prion i>l eli-<tri<i(> i.<-; tn x|if>w Imw- tun pi im - ••! iiiH< i 
metal, inimontrd in aeiil, ean rsenil a me?<:>aire arijun<l the tflobe; to e\pi:iiii !.<•■.% :. I>uii<l!i 
eopper wire rot ate* 1 by a i^ttani enKine e:in Ih* the a:'i-nf in liuliting our .^-tui t>., !•. t. || \sh:!t 
Toltt ohm and an)p<-re are, and what hinh and low te\vj«vt\u vuoww. wvv^ vvs ww^ssw vW v\\v v^ 
tbut perpetually a riHt} in the mind in thi;* aue <A eWe\v\v\\v- VM\\ Y.«\\^^^^^^ • VM vviv , '^ 
anted. Prict' » 



18 THE NORMAN W. HENLEY PUBLISHING CO. 



House Wiring. By Thomas W. Poppe. 

This work describes and illustrates the actual installation of Electric Light Wiring, i 
nor in which the work should be done, and the method of doing it. The book can 
vcniently carried in the pocket. It is intended for the Electrician, Helper and Ap| 
It solves ull Wiring Problems and contains nothing that conflicts with the ruling! 
National Board of Fire Underwriters. It gives just the information esacntial to the 
ful Wiring of a Building. Among the subjects treated are: lA>cating the Meter. 
Boards. Switches. Plug Receptacles. Brackets. Ceiling Hxtures. The Meter ' 
tions. The Feed Wires. The Steel Armored Cable System. The Flexible Steel 
System. The Kidig Conduit System. A digest oi the National Board of Fire Unde 
rules relating to metallic wiring ssrstems. Various switching arrangementa expl|i) 
diagrammed. The easiest method of testing the Three- ana Four-way circuits ca 
The grounding of all metallic wiring sjrstems and the reason for doing so snown and ei 
The insulation of the metal parts of lamp fixtures and the reason for the same deecri 
illustrated. 125 pages. 2nd Edition, revised and enlarged. Fully illustrated 
cloth. Price 



How to Become a Successful Electrician. By Prof. T. O'Conok Slo 

Every young man who wishes to become a successful electrician should read this fa 
tells in simple language the surest and easiest way to become a successful electricii 
studies to be followed, methods of work, field of operation and the requirements of 
cessful electrician are pointed out and fully explained. Ever^r young engineer will fim 
excellent stepping stone to more adv-unced works on electricity which he must ma6t4 
success ran be attained. Many young men become discouraged at the very outstai 
temptingtoreadandstudy books that are far beyond their comprehension. This hoc 
as the connecting link between the rudiments taught in the public schools and the re 
of electricity. It is interesting from cover to cover. 18th Revised Edition, jxist issu 
pages. Illustrated. Price 



Management of Dynamos. By Lummis-Paterson. 

A handbook of theory and practice. This work is arranged in three parts. The 1 
covers the elenientarv theory of the dynamo. The second part, the construction ar 
of the different classes of dynamos in conmion use are described; while the third pai 
to such matters as affect the practical management and working ol dynamos and 
4th Edition. 292 pages, 117 illustrations. Price 



Practical Electricity. By Prof. T. O'Conor Sloane. 

This work of 768 pages was previously known as Sloane's Electricians* Hand Bool 
intended for the practical elccirican who has to make things go. The entire field of el 
is covered within its pages. .Among sonie of the subjects treated are: The Theor 
Electric Current anci Circuit, Electro-Chennstry, Primary Batteries, Storage I 
Generation and Utilization of Electric Powers, Alternating Current, Armature ^ 
Dynamos and Motors. Motor Generators, Operation of the Central Station Switc 
Safety Appliances, Distribution of Electric Light and Power, Street Mains, Tram 
Arc and Incandescent Lighting. Klcrtriu Mcasurenjentd, Photometry, Electric H 
Telephony, Bell-Wiring, Elcctric-PlatinK, Electric Heating, Wireless Telegraphy. 
contains no nselews theory; everything is to the |K)int. It teaches you just wnat y 
to know about electricity. It is the standard work published on the dubjcct. F 
chapters, 550 engravings. Price 



Switchboards. By William Baxtf.u, 5u. 

This book appeals to every ensdiioer atvA eVc\.T\cmtv -vVo v^vxAa \ft Vsv'ow \>e!r. \iK*.«it 

of tlnnfctf. It tokos up all aorta and conc\\V\oTv» o\ dvwvvc\o%, ^ow^^Vvwa ^xA ^^ 

show8 by diafcmm and iUustrafxon juM bovj \W ^^V'''^^'*''^^.«v?^« ^^.^SSSi^ 

direct and aftemating current boards, ivWo \W \«\^^;"^ ^^^^;^?;^:ji^^:S^^^ 

f'rcuits. Spocial treatment on hifth voUav^v-^ \>o«.Td* \ox v«^« \.t^v«.tcc««v^tw. 

iyO pages, liiustrated. Trice 
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1 Electrical Dictionary. Hy T. (>'( -0x4)11 Sm>an'k. 

incli«I>c*n»8kl>le work to all int4'ni<tiHi in «>|i>rtri(-:il si-iciifo. Siiitalil** alike for ilu- >t(i<liii 
I pri>C<t«sioiuii1. A praotiral liaiullMKtk of n>frrcii(f> containiim tlcfiiiiiinii^ <if :\\unx\ .'i.otM 
tiifC ^'orclH. ternis aud pbnuH.'». Thi> clftinition.- :tn' ttTM* aiicl ronciric ami iii>lu<l<- <-M-n 
ni usmhI in cslectriml M'ieiicc. Hf(i*i:tly iH.tii«'<l. An cut i rely ufw n lit ion ShmiM Im m tin 
imcnBfvion of ull who deHirp to kifp ubri':tHt with tlii* pn>uri'sn of t\n> hraiicii ot .-•-iitu <- Ii 

airra.niBCCmenl and typoxraphy the Inxik i:^ vrry (*unv«*iiit>iii. Tlu> Murii <;r ti-mi tiithicti i 
jited in blHck-faccd ty|ic, which ntitlily rutrhi-s thr i-y«', whilf the UmIv ot tin p:ii:* i.< n 
lAller but di»tini*t typ(*. The drfiiiitiuiiH uri' wrll wordfil, and ho u^ to hr iin(lii.-t«>iMl liy tin 
in-tecbnical reader. The fcenrrul phiii tH>(>ius to Ik' 10 »>•'«• an rxiirt. rtinciNi' ili'tmition. am 
en siniplify and pzplain in a moiv |>upuhir way. Synony^l^ an- aUo ^ivi-n, ami ii-tri-t-nn- 

other iworclji and phrasra are made. A wry eoniph>ti' and urcuratc imlix df titty pM<:t> 

at tbe one! of the volume; and uh thiH indrx rontains all symtnytii.-<. and a< all plira.xfx an 
xiexe*! in every refiAonahle conibiuation of wonis, rrfcnMicc to the pro[Mr (ilaci' in tIm IhhI: 
the book ii^ readily made, it iri difficult to dci-id(> how fur u li(H>k o( iUia ili:ira« ti-r i> ti 
tep the dictionary form, and to what extent it may Uhstinic the (>ncyrloi>«ilia lorin To 
>nie purponea, ronrise, exactly wunlcfl detiiiitinn^ an' ntiilcd; for <itli('r ixirpo-^i <. mon 
itenacHl deAcriptiona are re<|uirod. Thiri lHK>k ^M>ck» to Mitisfy lN>th demand.-', ami i1ih>> i 
riih Gon^tderable bucccm. Gii2 pages. SM'.i illut<trationh. 1 2th f^lition. 
'rice )JI3.(M 



:e Battnies Simplified. By Victtok W. Vau^, M.E. 

A complete^ treatise on ntonion hatttTy o|N>ratinK principles, repair-* and applil■ati<>n^4 

The (ireatly incmUHOK appliration of ntoraifc battcricH in mrMlern ciiffineeriim and rm < lianii-a 

work haa created a demand for a boi>k that will conr<idcr this Huhject cumpleii-lx :iii<I ( \'-lu 

■ively. Thifl ia the most thorouich and nuthoritatiAo treatise ever puMihheil nn ilii> -ul>]*-«-t 

It i* ^written in easily understiinduble, non-tcchnicul hmguaKe .-o that any ihk- ni:iy lmii.^^] 

tbn baHir princinlea of storaicc' buttery action a.i well ti» their practical indu^t^i:ll ;(|)pli< Miions 

All electric ana xaaoline atitoniobih^ti use ^to^ll!c Imttcrich. Kvery autiiimiltiii- tip:iiirii:iti 

dealer or iiale»nian iihould have a KOixl knoMh^dee of maintennncc and iep:iir ni iln -i- imptir 

tant elemcnta of the motor car mechanism. Thin btM>k not only tells Imw tu cImil''-. f-.-ne !'• 

and rebuild atoraice batteries but also outlines all the indu.xthal uses. I. earn Imw tln-y nn 

street cant, loeomotivea and factory trucks, (ict an under>tandirm of the impurtant tntii-tion 

they perform in nubmarine h<uit.s. isolatitl liuhtinK yilants, railway swit<-h ami -iL'.n.-iI ~v-tcni> 

marine applieationa, etc. This Insik tellH how they arc um'«1 in t-entral ^tati^^n "fMnilhv .■■« i \ i' i' 

lor atarting automobile motors and in imiition systems, livery |)ra('tii-al u->e uf (In- inrnli-n 

■torase battery, ia outlined in thiH treuti.se. M2() pa^cs, fully illiitftrateii. I'litv . . . )j;i.5t 



phone Construction, Installation, Wlrlnfi:, Operation and Maintenance 
By W. H. Radcliffk and FI. C. CrsiiiNc;. 

This book is intended for the amateur, the wireman. or the enjrinocr wlio di-.-in s in i -iihii-:! 
a means of telephonic conmmnication lM>tween the rooms of his home, oflici , or --lir>p. 1 
deals only with such thiuKH an may be of n>e to him rather than with thcorie-i. 
GivcM the principlea of constru<-tion and operatifHi of hi>th the liell and ImK ])«-ni]i'iit iiixtru 
menti;;^ ap|>rovfHl methorl.H of installiim and uiiin): tht>m: the mean.-i of pruti • liinr i|,rii 
from lightning and abnormal current-t; their connectinn toi;i>th('r ior t)p(-t:iti<in .1- » li'- o 
bridging stations; and nilos for their ins]>ection and niaintenan«-e. Line wiring.' ainl tin wuin: 
and_ Ofieration of spcH-ial telephone systems aie als«) tnitied. Intricati- ni:itlii in.itii > :ir 
avoided, and all apparatus, circuits and systems are thfuoiifrhly dc-^crihed. The apin mli 
cootainM deBnitions of units an<I terms u.«^eil in the t«At. S*'lected wiritiL' taMcs. wlmli an vi i; 
helpful, are also inclu<led. .Amoni; thi* stihji«i^ tn-ated an* ( 'on.st ruction. < »p«r it ion. nm 
Installation of Telephon(> Instruments; ln.-'|M>etion and Mainti-nanee of Ti liplh.ni Instrii 
ments, Telephone Liiii- Wirinir; Tesiinn Telephone Line Win*!- and CaMis: \\ niim :mi' 
Operation of Special Telephone Sy.-^ti-m-, etc. 2nil Ivliiion. Hevis«"d ami r'til:it>,'» i|. L'J 
pages, 154 illustrationit $|.0< 



tof M House* By Hehukrt Pratt. 

ncea. UirecUona apply etjually i„ a ^hov*. AiVi VlOLxUou. V^xvv. . • • * ^ 
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Wireless Telegraphy and Telephony Simply Explained. By Alfr 
Morgan. 

Thib is undoubtodly one of the moat complete and comprehensible treatises on the 
ever published, and a close study of its paffes will enable one to master all the detail 
wireless transmission of messages. The author has filled a long-felt want aiKl has sii 
in furnishing a lucid, comprehensible explanation in simple language of the theory and 
of wirolesa telegraphy and telephony. 

Among the contents are: Introductory; Wireless Transmission and Reception — Tli 
System, Earth Connections — ^The Transmitting Apparatus, Spark Coils and Traos 
Condensers, Helixes, Spark Gaps, Anchor Gaps, Aenal Switches — ^The Receiving Ap 
Detectors, etc. — ^Tuning and Coupling, Tuning Coils, Loose Couplera, Variable Coo 
Directive Wave Systems — Miscellaneous Ap|»ratus, Telephone Receivers, Range of S 
Static Interference — Wireless Telephones, Sound and Sound Waves, The Vocal Co 
Ear — Wireless Telephone, How Sounds Are Changed into Electric Waves — Wirete 
phones, The Apparatus — Summary. 164 pages. 156 engravings. Price 



FACTORY MANAGEMENT, ETC> 

Modern Machine Shop Construction, Equipment and Managemem 

O. E. Perrigo, M.E. 

The only work published that describes the modem machine shop or manufacturii 
from the time the gniss is growing on the ait«' intended for it until the finished pr 
shipped. By a careful 8tu(ly of its thirty-two chapters the practical man may eron< 
builcl, efficiently equip, and successfully manage the modem machine shop or manuf 
t>»tabli8hment. Just the book needed by tho»e conv^mpluting the erection of mod« 
buildings, the rebuilding and reorganization of old ones, or the introduction of mode 
methods, time and cost systems. It is a book written and illustrated by a practit 
man fur practical shop men who are too busy to read thronea and want facta. It is t 
complete all-around book of its kind ever publishcKl. It is a practical book for prartii 
from the apprentice in the shop to the president in the office. It minutely describe! 
Iu8trat**8 the most simple and >^et the most efficient time and cost system ynt devist 
Revised and Enlarged Edition, just issued. 384 pages, 219 illustrations. Price . . . 



FUEL 



Combustion of Coal and the Prevention of Smoke. By Wm. M. B 

This book has been prepared with special reference to the generation of heat by tl 
buHtton of the common fuels found in the United States, and deals particularly with i 
ditioris neccs.'^nry to the economic and smokeless combustion of bituminous coals in Sti 
and Loi'omotive Steam toilers. 

The pn'sentation of this important subject i.s systematic and progressive. The arrai 
of the hook in in a series of practical questions to which are appended accurate answer 
dcscrilM' in languaKc. free from technicalities, the several processes involv<»d in the 
coinhusiioii of -\ruerican fuol.n; it clearly st^ites the essential requisites for perfect com 
and |K>ints out the l>ertt metliod.s for furnace construction for ootaining the greatest c 
of hcut. from any given (luality of coal. Nearly '6oO pages, fully illustrated. Price . . 



Smoke Prevention and Fuel Economy. By Booth and Kershaw. 

.\ c(ini|)l<'li' Ireati.-e fnr .'ill intercste*! in smoke previ«nti<m an<l combustion, )>r>ing h 

tlie (!«*tiiian v\«»rk of liriist SriiiM:itoll:i, luit it t.s more than a mere translation of the 

tre;itis<-, inueli being .-kMihI. Tho authors show a> brietly as {xtssible the priiiciplcc 

cotiihii.'^tion, the nietluxis which have heen ami are <it pre.s(*nl in use. as v^oll as tb4 

f^ciriilHU' luvtlunU for olitainintE a\\ l\\e oworviy ^^^ ^^^*> ^^^'-^^ *^^d burning it without 

('nu-^ifJiTulilr suiicr i.-i also jjiveu to l\w vvA\\V\\\w\\w\ oV \\\v ^kvwsX'c «,^baK^« /^xyvV v^vora 

rt'ffrrsf'tit.'itivo Knirlish aii<l .\fni*r\ci\n \m-o\u\u\c-A\ >.\oV.v-t \\\\v\ *\vcv\\v^t "».vvXvwv^v». "Kt^ ^ 

77if.' Jo.-<j^os rarruHl away in tlie waste nASi-*^ vvvo t\AUTu\\vi\>>N' aw^Xn-wA ^wS. ^\%R>M»«fv\- 

pondix, und nhHtraot-^ arc also \m'Vo .^weu ol ^'^^^^V^^ n'^,^^* JJ!^,!^^^^ 

fmak is rr,ni/)irfe and contaui*, nuieh oi vuXue Vo aW >nVo Wv« c\^^^xv^ ^A\*x^^ v\^tsM 

JUuntnuctl. Prim 
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GAS ENGINES AND GAS 

|i» Gasoline and Oil Engines. By Oakdnek D. IIiscox. Revised I 
; Victor W. Pag^, M.E. 

Just W8uc<l New 1918 Edition, Reviswl and Enlarged. Every unrr of a utis onirino ntt* 
this book. Simple, intitructive and right up-to-date. The only compU^te work on tho »ijl)j«.'( 
Tells all about internal conibuBtiou engineering, treating exhaustively on thr doixn, co 
Btruction and practical application of all fornia of gas, gasoline, kerosene and crudf pctrolcui 
oil engines. Describes minutely all auxiliary systems, such as lubrication, cjirhurotion ai 




engineers, patent experts, designers, mechanics, draftsmen and all having to do with t 

' modern power Illustrated by over 400 engra\'ings, many specially made from onKiiio<Tii 

dmwings, all in correct proportion. 650 pages, 435 engravings. Pnce .... $!S{.50 Dl 

t Gasoline Engine on the Farm: Its Operation, Repair and Uses. V 

Xeno \V. Putnam. 

This is a practical treatise on the Gasoline and Kerosene Engine intended for the man wl 
w^ants to know just how to manage his engine and how to apply it to all kind^ of farm wo 
to the best advantage. 

Xhis book abounds with hints and helps for the farm and suggestions for the home and hou^ 

-wrife. There is so much of value in tuis book that it is impossible to adequately dcncribe 

in such small space. Suffice to say that it is the kind of a book every farmer will appreein 

and every farm home ought to have. Includes selecting the most suitable engine for far 

w^ork. its most convenient and efficient installation, with chapt<>r8 on troubles, tlieir renietli* 

and how to avoid them. The care and mam>gement of the farm tractor in plowing, harrowiii 

harvesting and road grading are fully covered;^ also plain directions are given for handlii 

the tractor on the road. Special attention is given to relieving farm life of itH dnidKcry I 

applying power to the disagreeable small tasks which must otherwise be done by hand. Mai 

home- made contrivances for cutting wood, supplying kitchen, garden, and barn with wat< 

loading, hauling and unloading hay, delivering ^rain to the bins or the feed trough are i 

eluded; also full directions for making the engine milk the cows, chum, wa.<«h. hwpoi) t 

house and clean the windows, etc. Very fully illustrated with drawings of workiiiR part.s ai 

cuts showing Stationary, Portable and Tractor Engines doing all kinds of farm ^\o^k. .' 

money-making farms utilize power. Learn how to utilise power by reading the pajroH of tl 

book. It is an aid to the result getter, invaluable to the up-to^iate farmer. »tudent. blae 

smith, implement dealer and, in fact, all who can apply practical knowk^lee of statioiia 

gasoline engines or gas tractors to advantage. 530 pages. Nearly 180 engravings. Priee ^!^.( 

WHAT IS SAID OF THIS BOOK: 

"Am much pleased with the book and find it to be very complete and up-to-date. I w 
heartily recommend it to students and farmers whom I think would stand in need of such 
work, as I think it is an exceptionally good one." — X. S. Gardiner, Prof, in Chartre, Clenii»( 
Agr. College of S. C: Dept. of Agri. and Agri. Exp. Station, Clemson College, S. C. 

"I feel that Mr. Putnam's book covers the main noints which a farmer should know." — Ti. 
Burdick, Instructor in Agronomy, University of Vermont, Burlington, Vt. 

AcMne Engines: Theli Operation, Use and Care. By A. Hyatt \'khuil 

The simplest, latest and mtwt comprehensive popular work published on CJa.-»olijii' llnKirn 

describing what the Gasoline Engine is; its construction and operation; how to in.-?tall i 

how to select it; how to u.<«e it and how to remedy troubles encountered. Intended for Ownn 

Operators and Tsers of f^ta.xoliiie Motors of all kinds. This work fully describe.s and ill ii.^t rates tl 

various types of Cnisoline Engines uwmI in Motor Boats, Motor Vehicles and Stati()n:iry WOr 

The parts, acce«.sorieH and applianros are describe<l with chapters on ignition, fuel, luhricatio 

operation and engine troubles. Special attention is given to the care, operatiDU an<l rep:i 

oi motors, with u.seful hints and sugge:<tions on emergicucy tc^^i^m^ ^''^"^ ■w\\\V.v^sV\^\^ . S- ^"^v 

piete glcmaary of technical terms and an alpha\>et\ca\Vy vxttbliwA ^.«^^>V v>.\ ^\vv^^^^V'>^ vjxA ^ 

aymptonjs form nioHt valuable and unique feuturo* o\ Wm ttviwwvxX. ^v^vcXn <^'nv\>^ ^ v xv 

lit the Look ls orip:innl. having been made hy \\w av\t\\oT. F.n^tv va->i^" """^ x -\V v v^v vc^ 

va/uo. A bijok which you cannot aHonl to bo v.\l\\ou\. 'nv> vwv^v-^^ \ >- ^v 

cngravwf^s. Price . ..--■■ 
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Gas Engine Construction, or How to BuUd a Half-horsepower Gas Ei 

By Parsell and Weed. 

A practical treatise of 300 pages deecribing the theory and prindplea oi the aetion 
Engines of various types and the design and construction of a hali-horaepow<er Gat 
with illustrations of the work in actual progress,^ together with the dimensioned world] 
ings, giving clearly the siscs of the various details: for the student, the sHentifir inve 
and the amateur mechanic. This book treats of the subject more from the stand 
practice than that of theory. The principles of operation of Gas Engines are da 
simplv described, and then the actual construction of a half-horsepower eni^ine is ti 
step by step, showing in detail the making of the Gas Engine. 3rd Edition. 30 
Pnce 

How to Bun and InstaU Two- and Four^Cyde Marine Gasidlne fii 

By C. Von Culin. 

Revised and enlarged edition Just issued. The object of this little book is to fomiah 
instructor for the beginner, the busy man who uses an engine for pleasure or profit, 
doc« not have the time or inclination for a technical book, but simply to thorought 
stand how to properly operate, install and care for his own engine. The index relen 
trouble, remedy, and subject alphabetically. Being a quick reference to find the causs 
and prevention for troubles, and to become an expert with his own engine. Poc 
Paper binding. Price ^ 

Modem Gas Engines and Producer Gas Plants. By R. E. Mathot. 

A guide for the gas engine designer, user, and engineer in the construction, selection, p 
installation, operation, and maintenance of gas engines. More than one book on gat 
has been written, but not one has thus far even encroached on the field covered by tl 
Above all, Mr. Slathot's work is a practical guide. Recognising the need of a volt 
would assist the gns engine user in unden^tanding thoroughly the motor upon which he 
for pd^'cr, the author has discussed his subject without the help of any mathematics a 
out elaborate theoretical explanations. Every part of the gas engine is described i 
tersely, clearly, with a thorough understanding of the requirements of the mechanic 
ful suggestions as to the purchase of an engine, its installation, care, and operation 
most valuable feature of the work. 320 pages, 175 detailed illustrations. Pnce . . 

The Modern Gas Tractor* By Victor W. Pag£, M.E. 

A complete treatise describing all types and sizes of gasoline, keroeene and oil tractor 
siders design and construction exhaustively, gives complete instructions for care, opera 
repair, outlines all practical applications on the road and in the field. The best ai 
work on farm tractors and tractor power plants. A work needed by farmers, student 
smiths, mechanics, salesmen, implement dealers, designers and engineers. 2nd Edil 
vised. 504 pages, 228 Illustrations, 3 folding plates. Price 

GEARING AND CAMS 

Change Gear Deylces. By Oscar £. Perrigo. 

A practical book for every do^igner, draftsman, and mechanic interested in the inven 
development of the devices for feed changcf on the diflFerent machines requiring such nie< 
All the ner*eMt«:try information on this subject is taken up, analysed, claasified. sifted, : 
centruted for the use of busy nion who have not the time to go through the masses of ii 
mutter with which such a subject is usually encumbered and select such informatiot 
be useful to them. 

It shows just what has been done, how it has been done, when it was done, and wii 
It saves time in hunting up patent records and re-inventing old ideas. 88 pages. 3rd 
Price 

drafting of Cams. By Louis Uot3i\aao^. 

The laying out of cams is a serious ptoUetu xinXo*^ ^^^^^;SS^^'\^\?^]?'^^ 
ou on the right road for practicaUy any ^tvud ol ^ivm ^om w^v^iwfcvs ViT>Mv>a.v 

tioa. Price 
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r Tables. By D. Ag. Engstrom. 

<k that will at once commend itself to mechanics and draftsmen. Does away with all 
igonometry and fancy tiguring on bevel gears, and makes it easy for anyone to lay them 
make them just right. There are 36 full-page tables that show every necessary dimen- 
»r all sizes or combinations you're apt to need. No puszling, figuring or guessing. Gives 
g distance, all the angles (including cutting angles), and the correct cutter to use. A 
of this prepares you for anything in the bevel-gear line. 3rd Edition. 66 pages. 

ll.M 



HYDBAUUCS 

Engineering. By Gardner D. Hiscox. 

itise on the properties, power, and resources of water for all purposes. Including the 
rement of streams, the flow of water in pipes or conduits; the horsepower of falling water, 
e and impact water-wheels, wave motors, centrifugal, reciprocating and air-lift pumps. 
300 figures and diagrams and 36 practical tables. AH who are interested in water-works 
ipment will find this book a useful one, because it is an entirely practical treatise upon 
ect of present importance and cannot fail in having a far-reaching influence, and for this 
I should have a place in the working library of every engineer. Among the .subjects 
d are: Historical Hydraulics; Properties of Water; Measurement of the Flow of Streams; 
from Sub-surface Orifices and Nozzles; Flow of Water in Pipes; Siphons of Various 
; Dams and Great Storage Reservoirs; City and Town Water Supply; Wells and Their 
arcement; Air-lift Methods of Raising Water; Artesian Wells; Irrigation of Arid Dia- 

Watcr Power; Water Wheels; Pumps and Pumping Machinery; Reciprocating Pumps; 
lulic Power Transmission; Hydraulic Mining; Canals; Ditches; Conduits and Pipe 

Marine Hydraulics; Tidal and Sea Wave Power, etc. 320 pages. Price . . . ^.00 



ICE AND BEFBIGEBATION 

k of Refrigeration and Ice Making. By A. J. Wallis-Taylor. 

s one of the latest and most comprehensive reference books published on the subject of 
'ration and cold storage. It explains the properties and refrigerating effect of the dif- 
fluids in use, the management of refrigerating machinery and the construction and innu- 
of cold rooms with their required pipe surface for different decrees of cold; freezing 
res and non-freezing brines, temperatures of cold rooms for all kmds of provisions, cold 
;e charges for all classes of goods, ice making and storage of ice, data and memoranda 
nstant reference by refrigerating engineers, with nearly one hundred tables containing 
~>\e references to every fact and condition required in the installment and operation of a 
^rating plant. New edition just published. Price $1.50 



INVENTIONS— PATENTS 

Manual: How to Make a Patent Pay. 

B a book designed as a guide to inventors in perfecting their inventions, taking out their 
.s and disposing of them. It is not in any sense a Patent Solicitor's Circular nor a Patent 
r's Advertisement. No advertisements of any description appear in the work. It is a 
containing a quarter of a century's experience of a successiul inventor, together with 
based upon the experience of many other inventors, 
g the 8ul)jeot.s treated in this work are: How to Invent. How to Secure a Good Patent. 

of Good Invention. IIow to Exhibit an Invention. How to Interest Capital. How 
timatc the N'alue of a Patent. Value of Design Patents. Value of Foreign Patents. 

of Small Inventions. Advice on Selling Pat,ei\l». XAv\c^ ci\v \Vv«i '^«3>tvs\\>jC-v«^ cK'^vvssiNt. 
laies. Advice on the Formation of Limited LmVAWVy Co\t\\v^tv\e?>. K^nV^s «svxXSv*v^v«sxw^ 

Patents. Advice as to Patent Attorneys. \Av\ce ^ Vo '^\'^^^^>^^^'^'*^\^^vTv>s> 
"— ^^ J i''"'"^*' ^^^ Contracts. State Iaws Cot\ce\u^wg.V^\.exv^.^A^^A^ v> 

nifed States hy Counts of Over 10,CyOO PopuUvVotv. \\fev\«e^ ^A.\Vvoxv- 
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KNOTS 

Knots, Splices and Rope Work. By A. Htatt Verrill. 

Tbi.s i» a prartical book fciviriK complete and simple directions for making all the roc 
and ornamental knots in common U8e, with chapters on Splicing, Pointing, Seising, 
etc. This book i» fully illustrated with 154 original engravings, which show how a 
tie or splice m forrned, and its appearance when finished. The book will be found of itu 
value to Campers, Yachtsmen, Travelers, Boy Scouts, in fact, to anyone having oe 
use or handle rope or knots for any purpose. The book is thoroughlv reliable and ; 
and is not only a guide, but a teacher. It is the standard work on tlie subject. Ai 
contents arc: 1. Cordage, Kinds of Rope. Construction of Rope, Parts of Rope C 
Bolt Rope. Strength of Rope, Weight of Rope. 2. Simple Knots and Bends. Tei 
in Handling Rope. ^Seising Rope. 3. Ties and Hitches. 4. Noose, lioops and 
Knots. r>. Shortenings, Grommets and Salvages. 6. Lashings, Seixinga and Bt 
Fancy Knots and Rope Work. 128 pages, 150 original engravings. 2nd Revisea 
Price .7 

LATHE WORK 

Lathe Deslg^n, Construction, and Operation, with Practical. Exam 
Lathe Work. By Oscar E. 1*errigo. 

A new, revised edition, and the only complete American work on the subject, wrii 
man who knows not only how work ought to be done, but who also knowa how to ( 
how to oonvey this knowledge to others. It is strictly up-to-date in its descrip 
illustrations. Lathe history and the relations of the lathe to manufacturing ai 
also a dcHcription of the various devices for feeds and thread-cutting mechanisms fi 
efforts in this direction to the present time. I^the design is thoroushly discussn 
ing back gearing, driving cones, thread-cutting gears, and all the essential elemeo 
modern lathe. The classitication of lathes is taken up, giving the essential diffc 
the several ty]>es of lathes including, as is usually understood, engine lathes, ben* 
speed lathes, forge lathes, ^ap lathes, pulley lathes, forming lathes, multiple^piJDd 
rapid-reduction lathes, precision lathes, turret lathes, speciallathes, electrically driv 
etc. In addition to the complete exxKwition on construction and design, much 
matter on lathe installation, care and operation has been incorporated in the enia 
e<lition. All kinds of lathe attachments for drilling, milling, etc., are described 1 
plcto in.strurtions are given to enable the novice machinist to grasp the art of lathe ' 
as well UH the princinles involved in design. A number of dimcult machining 
an> (lo8cribe<i at lengtn and illustrated. The new edition has nearly 500 pages and 
trations. Price 

WHAT IS SAID OF THIS BOOK: 

"Thi.s iiii a lathe book from beginning to end, and is just the kind of a book whid 
liKhtr* to consult — a masterly treatment of the tsubject in hand." — Enginrrring Nevt 
"This work will bo of exceptional interest to any one who is interested in lathe pr 
one vi'ry H<>ldom Hee.s such a complete treatise on a subject as this is on the lathe. 
dinn Marhincry. 

Practical Metal Turning. By Joseph G. Horner. 

A work of 4CVt pajrc!*, fully ilhi.st rated, covering in a comprehensive manner the mod 
tico of irmcbiiiiiie mcfjil 4»!irt.^ in the latlK', including the regular engine lathe, its 
. de-icn, its uses, ita tools, its ntlachniontH, and the manner of holding the work and 
ini? the operations. The modernized engine lathe, its methods, tools and great rangi 
rate work. The turret lathe, its tfK)ls, accoHsones and methods of performing its i 
Chapters on siwcial work, grirulinij, tool holders, speeds, feeds, modem tool si 
Second edition 

Turning and Borlnic Tapers. T^y Yy\.ya> W. e<^\.N\^. 

Thnro nrc two wav» to turn tuners-. t\\e t\vl\\\ ^wv wwA. ot\v> o\X\.«. '\^»a Vw*}« 
w/Vyj tho riuht u;iv- it tells VOU \u>v.- \o ^\v\t\ VW sv<>i:V vtovvA>J, Vwi \j^ »»\. S\ 

tourth t^litiim . . 
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LIQllD AIR 

■Id Air and the Liquefaction of Gases. By T. O'C-onok Sloank. 

I This hook gives the history of the theory. 4luicov«Ty and inuniifarturu of l.i<iuiii Air. an 
eontainB an illustrated dcttrriittioii uf all the exj^^K'riiiieiitH th.it have exi-itid tin- >\(iii(l<'r c 

\ tudiences all over the rouiitry. It xhowH how h<|tiid air, like water, in carriril hiiiidtcd.- ( 

i nilcis and in handled in oi)cn buckets. It trlla what may l>o cxpectf^i from it in tlic un 

[ future. 

k A book that n.^nders sinmle one of the nuMt iM'rplexitiK chemical problem^ of t|i« i-cntup 
StartlinK developnienta iiriiritrat<Hl by actual exixTimeiits. 

' It is not only .1 work uf Hcientific intercut and atitluuity. but is intrndcil for thr itimk ral n-.-idr 
bein'z writtfn in u popular 8ty.« — i-a^ily underbtood by every one. Jviund ulition. .'.^l 
pmm*'**' I'rh-c ^tJ.O 

LOCOMOTIVE ENGINEERING 



Irake Catechism. By Roukkt IT. Blac kai.l. 

Xhis book is a Btandard text-hook. It «'ov«'rH the WestinKhouKO Air-Hrak*- l'«jiiipin< n 
incluJinic the No. 5 and th«i No. i) E.-T. Locomotive Hrake I-^iiiipment: the K ((.^ui'k S<-i 
vice) Triple Valve for Freight SiTvire; an«l the C'ross-CoiniKmncl I'unip. 'llw ojn i:iti«..n t 
all partfl of the appurntiw is exi)lained in detail, and n practical way of iinihnir iln-ir im''\ 
lianties and dnfocts, with a proper remedy, in Kiveii. It rontain.K L'.tHK) (|u<-.-lioiiri with the 
Answpra, which will enable nny milroad man to luita* any examination oii tlit- -ulijiit < 
Air Brakes. Kndoreod and um'd by air-brako inHtruetorH and exatnini>i>< on n«:irly ever 
railroad in the IJnitcfl Stutes. Twenty-f«ixth (xlition. (LI pages, fully ilin^tr.-ited \\it 
colored platea and diagrams. Price ^^.0 

ric»n Compound Locomotives. By Fred H. Colvin. 

The only book on rompounds for the cnKincman or shopman that shows in :■ phiin. prat 
tical way the variouH features of compound locomotives in u.s<'. Show.s hf)w they :ij( iikhIi 
what to do when they break rlown or balk. CViiitaitis Mcction.s as follows: A Hit ot lliviuiv 
Theory of CompoHiidinK Steam C'ylin<lers. Baldwin Two-Cybuder Cotnjiound. I'm-imt 
Two-Oylinder Compounil. Hhose If<land Compound. Kiclimond Compound. IJoyers ("on 

Kund. Sohenectouy Two-Cylbuler Compound. Vauclnin Compound. 'lanileiii Corniniund: 
kidwiu Tandem. The (\>lvin-Wiiilitrnan Tanth-m. Sihene«*taily Tandem. !ial:ince 
Ix>coniotive8. naldw-jn Iialance<l C<im))ound. IMans for Ifalancimf. i.oeatiim UU>\\ 
BrvAkdownH. Redueinn Valv«'^. Drifting. Valve .Motion. Disconnecting. I'owei nl (on 
pound I..o«*oniotiveif. I'raetical Notes. 

Fully illustrated an^l containing; ten s"''"iil 'Duotone" in.'-erts on lieavy I'Uite r-iper. .-liow 
ing different tyi)eH of Compounds. IIl* i».ii:"s. i'riee 3j?1.0 

pllemtlon of Highly Superheated Steam to I^eomotlve.s. I^v KoitKu 

Garbe. 




Working He.sults. illu.straieti with loldint; i>l;it*> anil tables. Cloth. Priie . . . S*.i,;> 

nbustlon of Coal and the Prevention of Smoke. By W.m. M. Wwih. 

Thi« book ha.s bi'en pnpared with sj)eei.il ref«Tence to the i:enerati»»n of li«*:i< l»v 'he ■ or' 
buHtion of the common fucl>« found in the I'nited St^ttes and deals pMrli< ulaily \Mth tji 
conditions neces.sary tit tlie erctnomic :ind smokt-Iess combustion of bi(uriiinoii> ■ oi! in M. 
tionary aiitl Locomotive Steam Hoilers. 

Prewntation of thi-» itnjtortant subject i- MVst.enmtic and pronre.-M<iv«». Tin aT!:inL'<riii nt i 
the book in in a tioiioa of practical iiuestions ti) wW\e\\ uto vvv\\^'w\vA \\cvv\\\\\<' \\w-'»nvx-, ^V^ 
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Biary of a Round-House Foreman. By T. S. Reillt. 

Thi.s 18 the gro:it<'st book of railroad experiences ever published. ConUuninK m fund 
formation and HUggestionH along the Hue of handling men, organizing, etc., that one ( 
afford to uiiaa. 170 pages. Price i 



Link Motions, Valves and Valve Setting. By Fred H. Colvin, Associate i 

of ** American Machinist." 

A handy book for the engineer or machinist that clears up the msrsteriec of valve a 
ShowM the difTcrcnt valve gears in use, how they work, and why. Piston and slide 
of difTerent types are illustrated and explained. A book that every railroad man 
motive-power di^partnient ought to have. Contains chapters on Locomotive link 1^ 
Valve \Iovomont«, Setting Slide Valves, Analysis by Ihasrams, INlodem Prartire, I 
Block, Slice Valves, Pi.stou Valves, Setting Piston Valves, Joy*Allen Valve Gear. Wall 
Valve Gear, Gooch Valve Gear, Alfree-Hubbell Valve Gear, etc., etc. Fully iUw 
Price ^ ^ 



Locomotive Boiler Construction. By Frank A. Kleinhanb. 

The construction of boilers in general is treated and, following this, tlie locomotive 
is taken up in the order in which its various parts go through the shop. Shows all 
of boilers used; gives details of construction; practical facts, such as life of riveting, pi 
and dies; work done i>er day, allowance for bending and flanging sheets and other 
Including the recent Locomotive Boiler Inspection Laws and Examination Ouektioa 
their answers for Government Inspectors. Contains chapters on I^ying-Out Work; 1 
ing and Forging; Punching; Shearing; Plate Planing; General Tables; Finishing 
Bending; ^Iachiner>' Parts; Riveting; Boiler Details; Smoke-Box Details; Aasn 
and Calking; Boiler-Shop Machinery, etc., etc. 

There isn't a man who has anything to do with boiler work, either new or repair wad 
doesn't need this book. The manufacturer, superintendent, foreman and boiler wa 
all need it. Xo matter what the type of bioler, you'll find a mint of information thi 
wouldn't be without. Over 400 pages, five large folding plates. Price | 



Locomotive Breakdowns and their Remedies. By Geo. L. Fowler. 
vL«<ecl by \Vm. W. Wood, Air-Brakc Instructor. Just issued. Revised jx 
edition. 

It is out of the question to try and tell you ebout every subject that is covered in this | 
e<lition of Ix)coniotive Breaknowns. Just imagine all the common troubles that an en 
may expert to happen some time, and then add all of the unexpected ones, troubles that 
occur, but that you have never thought about, and you will find that they are all treatei 
the verv best inothoils of repair. Walschaert Locomotive Valve Gear Troubles. E 
Hcadlig)it Tn»ul»lc>. as well as (Questions and Answers on the Air Brake are all included. 
pages. Xth Ue vised lulitiun. Fully illustrated. Price j 



locomotive Catechism. By Robkrt CJrimshaw. 

The rcvi-siHl oilitinn of "I.oromotivo Catechism," by Robert Grimshaw, is a New Bool 
Cover tu Cov<>r. It ccmtains twire as many pages and double the number of illustrati 
previous (><litions. Includes the gn^atest amount of practical information ever pubUal 
the con.struction and niariagemcnt of niotlern locomotives. Specially Prefxarcd Chapt 
the Walschaert Locomotive Valve Gear, the Air-Brake E^iuipmcnt and the Electric Hf* 
are given. 

It commends itsoU at once to every F^uR\t\ee.r tt,wv\ F\T«tuan, and to all who arc going 
examination or promotion. In pW\n \at\Ruaw.e, vi\V\\ \v^, cotw^^Na vdw««t%^ not only i 




t/iomiifchly uptodnU. ContainB over ^-^If'^J ^'^?^i;^^^^ Vrv^ . 

Sii3pagc:i, 437 illuatralions. and '3 foUvnfe pXatoa. i>*»U^ \\v.N^.i«*x i^ax vtv.:.^ 



CATALOGUE OF GOOD, PRACTICAL BOOKS 27 

.ctlcal Instructor and Reference Book for Locomoti?e Firemen and 
Engineers. By Chas. F. Lockhart. 

An entirely new book on the Locomotive. It appeals to every railroad man, as it tells him 
how thin^ are done and the right way to do them. Written by a man who has had years of 
practical experience in locomotive shops and on the road firing and running. The information 
giveu in this book cannot be found in any other similar treatise. Eight hundred and fifty-one 
questions with their answers are included, which will prove specially helpful to those preparing 
for examination. Practical information on: The Construction and Operation of Locomotives, 
Breakdowns and their Remedies, Air Brakes and Valve Gears. Rules and Signals are handled 
in a thorough manner. As a book of reference it cannot be excelled. The book is divided 
into six parts, as follows: 1. The Fireman's Duties. 2. General Description of the Locomotive. 
3. Breakdowns and their Remedies. 4. Air Brakes. 5. Extracts from Standard Rules. 
6. Questions for Examination. The 851 questions have been carefully selected and arranged. 
These cover the examinations required by the diflferent railroads. 368 pages, 88 illustrations. 
Frice $1.50 

mention of Railroad Accidents, or Safety in Railroading. By George 
Bradshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not theories, 
and showing the men in the rank§, from every-day experience, how accidents occur and how 
they may be avoided. The book is illustrated with seventy original photographs and drawings 
showing the safe and unsafe methods of work. No visionary schemes, no ideal pictures. 
Just Plain Facts and Practical Suggestions are given. Every railroad employee who reads the 
book is a better and safer man to have in railroad service. It gives just the information which 
will be the means of preventing many injuries and deaths. All railroad employees should 
procure a copy, read it, and do their part m preventing accidents. 169 pages. Pocket size. 
J?\illy illustrated. Price 5Q ccntS 

iln Rule Examinations Made Easy. By G. E. Collingwood. 

This is the only practical work on train rules in print. Every detail is covered, and puzzling 
points are explained in simple, comprehensive language, making it a practical treatise for the 
Train Dispatcher, Engineman, Trainman, and all others who have to do with the movements 
of trains. Contains complete and reliable information of the Standard Code of Train Rules 
for single track. Shows Sij^nals in Colors, as used on the different roads. Explains fully the 
practical application of train orders, giving a clear and definite understanding of all orders 
which may be used. The meaning and necessity for certain rules are explained in such a 
manner that the student may know beyond a doubt the rights conferred under any orders he 
may receive or the action required by certain rules. As nearly all roads require trainmen to 
pass regular examinations, a complete set of examination questions, with their answers, are 
included. These will enable the student to pass the required examinations with credit to 
himself and the road for which he works. 2na Edition, Revised. 256 pages, fully illustrated, 
with Train Signals in Colors. Price $1,!?5 

e Walschaert and Other Modern Radial Valve Gears for Locomotives. 

By Wm. W. Wood. 

If you would thoroughly understand the Walschaert Valve Gear you should possess a copy 
of this book, as the author takes the plainest form of a steam engine — a stationary engine in 
the rough, that will only turn its crank in one direction — and from it builds up, with the read- 
er's help, a modern locomotive equipped with the Walschaert Valve Gear, complete. The 
points discussed are clearly illustrated: Two large folding plates that show the positions of 
the valves of both inside or outside admission type, as well as the links and other parts of the 
gear when the crank is at nine different points in its revolution, are especially valuable in mak- 
ing the movement clear. These employ sliding cardboard models which are contained in a 
pocket in the cover. 

The book is divided into five general divisions, as follows: 1. Analysis of the gear. 2. De- 
signing and erecting the gear. 3. Advantages of the gear. 4. Questions and answers relating 
to the Walschaert Valve Gear. 5. Setting valves with the Walschaert Valve Gear; the three 
primary types of locomotive valve motion; modern radial valve gears other than the Wal- 
schaert ; the Hobart All-free Valve and Valve Gear, with questions atvd ^-wawe^^ <ssx\ix<K!i»Asy«v« 
the Baker-Pilliod Valve Gear; the Improved BakeT-P\\\\o^ N «\v^ <oL^«bX, ^vOcv Qsv^<e?!iCNsscv^ ^^ 
answers on breakdowns. ^ xvcoc^jes 

The questions with full answers given will be espccVaWv veXwaJcAa \.o ^"^^p^^^ ^ Vxvc,^ * 
preparing for an examination for promotion. 245 pagiea. "ixd ^c>i\s«iO.^^^^^^'^* 
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i¥estlnghouse E-T Alr-Brake Instruction Pocket Book. By Wm. W. Wa 

Air-Brake Instructor. 

Here is a book for the railrond niuii, and the man who aims to bo one. It is without <k 
the only complete work published on the WcHtin^housc E-T Locomotive Brake Equipn 
Written by an Air-Brako Inntructor who knows just what is needed. It covers the sub 
thoroughly. Kverything about the New Westinghouse Engine and Tender Brake Eg 
mcnt, includini^ the standanl No. 5 and the Perfected No. 6 style of brake, is treated in M 
Written in plam Engliuh and profusely illustrated with Colored Plates, which enabfe on 
trace the flow of pressures throughout the entire equipment. The best book ever publii 
on the Air Brake. F-^ually good for the beginner and the advanced engineer. Will pan 
one through any exammation. It informs and enlightens you on every point. Indiapens 
to every onginemau and trainman. 

Contains examination. questions and answers on the E-T equipment. Covering what the! 
Brake iM. Huw it should be operated. What to do when defective. Not a question cai 
asked of the eixgineman up for promotion, on either the No. 5 or the No. 6 K-T eqiupm 
that is uut usked and answered in the book. If you want to thoroughly understand the 
eqripment get a copy of this book. It covers every detail. Makes Air-Brake trouUn 
examinational easy. Price M 



MACHINE-SHOP PRACTICE 

Lmerlcan Tool Making and Interchangeable Manufacturing. By J. 

Wood WORTH. 

A "nhoppy" book, containing no theorizing, no problematicnl or experimental devices. Tfc 
are no hadly proportioned and impossible diagrum.s, no catulogue cuts, but a valuable eol 
tioii of drawingH and descriptions of devices, the rich fruits of the author's own expend 
In its 5(K)-o<id pag(i^i the one subject only, Tool Making, and whatever relates thereto, iidj 
with. The work stands without a rival. It is a complete, practical treatise, on then 
American Tool Making and sy.stem of interchangeable manufacturing as carri«l on to-(hy 
the l/nitcd States. In it are described and illustrated all of the different types and clsaM 
small tools, fixtures, devices, and special appliances which are in general use in all nsekj 
manufacturing and metal- workini|[ establishments where economy, capacity, and interrfaa^ 
ability in the production of machined metal parts arc imperative. Tnc Bcioncc of jig mik 
is exhaustively discusMe<l, and particular attention is paid to drill iigs, l>oring. profihngl 
milling fixtures and other <leviees in wliich the parts to l>e machined are located and fastfl 
witliin the contrivances. All of the tools, fixture?, and devices illustrated and described bl 
b(>en or are used for the actual production of work, such as parts of drill presses, lathes, patcH 
machinery, typewriters, electrical apparatus, mechanical appliances, brass goods, composil 
parts, mould proclurts, sheet-metal articles, drop-forgings, jewelry, watches, medals. coii:s.< 
531 poKcs. Price ||, 

lENLEY'S ENCYCLOPEDIA OF PRACTICAL ENGINEERING AND AUH 
TRADES. Edited by Joseph G. Horner, A.M.I., M.E. 

This set of five volumes contains about 2.50() pages with thousands of illustrations, inctai 
diagrunmiatic and HiH'tionul drawings with full explanatory details. Ibis work coven 
entin> practice of Civil and Mechanical Kngineering. The l>est known experts in all bnuM 
of cnKineering have contributed to these volum(^s. The ('y<'Iopedia is admirably well adai 
to the needs of the l)eginnor and the self-ttiught practical man, as well as tne mechaii 
engin(4T. <h>.MiKner, drnftsman, shop bUDcriiileiulcnt, fon>man, and machinist. The work 
be found a nirans of advancement to any jiroirrcrisive man. It is encyclope<lic in scope, tl 
ough and T>racti<\il in its treatment on techni<*al subjrrts. simple and clc^r in its defcrip 
matter, and without unneet'vsary t('(hni(-alitic>>« or furmulnv Tlie articles are as brief as i 
Im' and y«-t give a n*a?!onal)ly elear and explif'it nt:itenient of the subject, and are writtn 
nn'ii who hav<' ha«i ample prnctiral exp<'rience in the mutters of which they write. It 
you all you want to know abotit engineering and tells it so simply, so clearly, so conrisell'. < 
one cannot lu'lp hut understand. A.-* a work of reference it is without a j cor. Coin| 
sf't of /iv#' V'uliimes, price Mjg 

reads and Thread Cutting. By Co\a'\^ ^xw^ 't^T kwya-. 

This r/#>;ir.w ijr> ,111,11 V of the invsUnon o^ i\xTeAd-vn\\v\uvL, ^v'^Xx v.^ ^^^'^^ ^-ft^.V^^ 
tah/os. Third rNliticm. Pri«o 
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THE WHOLE FIELD OF MECHANICAL MOVEMENTS 
COVERED BY MB. HISCOX'S TWO BOOKS 

We publish two books by Gardner D. Iliscox that wiU keep you from "inventing" things that /tape 
been done before, and suggest ways of doing things that you have not thought of before. Many a 
man spends time and money pondering over some mechanical problem, only to learn, after he 
h^is solved the problem, that the same thing has been accomplished and put in practice by oth^s 
long before. Time and money spent in an effort to accomplish what hcu already been accomplished 
are time and money' LOST. The whole field of mechanics, every knoum mechanical movement, 
and practically every device are covered by these two books. If the thing you toant has been invented, 
it is illustrated in them. If it hcun't been invented, then you'll find in them the nearest things 
to what you want, some movements or devices that will apply in your case, perhaps; or which 
vrill give you a key from, which to work. No book or set of books ever published is of more real 
value to the Inventor^ Draftsman, or practical Mechanic than the two volumes described below. 



echanlcal Mo?emeiits, Powers, and Deyices. By Gakdner D. Hiscox. 

This is a collection of 1,890 engravings of different mechanical motions and appliances, ac- 
companied by appropriate text, making it a book of great value to the inventor, the drafts- 
man, and to all readers with mechanical tastes. The book is divided into eighteen sections 
or chapters, in which the subject-matter is classified under the following heads: Mechanical 
Powers; Transmission of Pbwer; Measurement of Power; Steam Power; Air Power Appli- 
ances; Electric Power and Construction; Navigation and Roads; Gearing; Motion and 
Devices; Controlling Motion; Horological; Mining; Mill and Factory Appliances; Con- 
struction and Devices; Drafting Devices; Miscellaneous Devices, etc. 15th Edition. 400 
octavo pages. Price $3*09 



M^hanical Appliances, Mechanical Movements and Novelties of Construc- 
tion. By Gardner D. Hiscox. 

This is a supplementary volume to the one upon mechanical movements. Unlike the first 
volume, which is more elementary in character, this volume contains illustrations and de- 
scriptions of many combinations of motions and of mechanical devices and appliances found 
in different lines of machinery, each device being shown by a line drawing with a description 
showing its working parts and the method of operation. From the multitude of devices de- 
scribed and illustrated might be mentioned, in passing, such items as conveyors and elevators, 
Pony brakes, thermometers, various types of boilers, solar engines, oil-fuel burners, condensers, 
evaporators, Corliss and other valve gears, governors, gas engines, water motors of various 
descriptions, air ships, motors and dynamos, automobile and motor bicycles, railway lock 
, signals, car couplers, link and gear motions, ball bearings, breech-block mechanism for heavy 
guns, and a large accumulation of others of equal imnortance. One thousand specially made 
engravings. 396 octavo pages. Fourth edition. Price $3.00 



ichlne-Shop Tools and Shop Practice. By W. H. Vandervoort. 

A work of 555 pages and 673 illustrations, describing in every detail the construction, opera- 
tion and manipulation of both hand and machine tools. Includes chaoters on filing, fit- 
ting and scraping surfaces; on drills, reamers, taps and dies; the lathe and its tools: planers, 
shapers, and their tools; milling machines and cutters; gear cutters and gear cutting; drill- 
ing machines and drill work; grinding machines and their work; hardening and tempering; 
gearing, belting and transmission machinery; useful data and tables. Sixth edition. 
Price $3.00 

ichlne-Shop Arithmetic. By Colvin-Cheney. 

This is an arithmetic of the things you have to do with daily. It tells you plainly about: 
how to find areas in figures; how to find surface or volume of balls or spheres; handy ways 
for calculating; about compound gearing; cutting screw threads on any lathe; drilling for 
taps; speeds of drills; taps, emery wheels, grindstones, milling cutters, etc.; all about the 
Metric system with conversion tables; properties of metals; strctvsctVv Ci^ Vn^Vv?. -sc^^ ^^^ 
decimal equivalent of an inch. All sorts of rc\acVv\Tve-a\vo\> ^o^wvTvvk 'a-'vx^ "VJ^"^ O^'?^ ^^ 
any one of which ought to he worth more than the \>T\ce ol Wvv^ >oociV \jo ^ ww> ^"^ ^^ '^^tj^ ^, 
the trouble of bothering the boss. 6th Editiou. 1^\ pa-^cia. Yxvisi ,,.-•- ' "^^ 
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Modern MUIliig Machines: Their Design, Ck>n8tructlon9 and Opentfi 

By Joseph G. Hornek. 

This book describes and illustrates the Milling Machine and its work in such a plain, c 
and forceful manner, and illustrates the subject so clearly and completely, that the q 
date machinist, student or mechanical en^neer cannot afford to do without the vah 
information which it contains. It describes not only the early machines of this daat, but n 
their gradual development into the splendid machines of the present dav, giving the dc 
and construction of the various tjpes, forms, and special features prbduoed by pioini 
manufacturers, American and foreign. 304 pages, 300 illustratioxis. Cloth. Price... |( 



** Shop Kinks/' By Robert Grimshaw. 

A book of 400 pages and 222 illustrations, being entirely different from any other boo 
machine-shop practice. Departing from conventional style, the author ^ avoids mih 
or common shop usage and limits nis work to showing special ways of doing things b 
more cheaply and more rapidly than usual. As a result the advanced methods of rept 
tative establishments of the world are placed at the disposal of the reader. This book i 
the proprietor whore large savings are possible, and how products may be improred. 
the employee it holds out suggestions that, properly applied, will hasten his advmneei 
No shop can afford to be without it. It bristles with valuable wrinkles and helpful tn 
tions. It will benefit all, from apprentice to proprietor. Every machinist, at any ace, d 
study its pages. Fifth edition. Price | 

The Modern Machinist. By John T. Usher. 

This is a book, showinR by plain description .and by profuse engravings made express! 
the work, all that is boat, nioMt advanced, and of tlie highortt efficiency in modem mat 
shop practire. tools and implenicnt^, showing the way by which and through which, ai 
Maxim 8ay.s, " Aniorican machinists have become and arc the finest mechanics in the m 
Indicating as it doi>s, in every line, the familiarity of the author with every detail of 
experience in the shop, it cannot fail to be of service to any man practically connected 
the shaping or finishing of metals. 

There iit nothing experimental or visionary about the book, all devices being in actui 
and giving good results. It might be called a compendium of shop methods, showi 
variety of special tools and appliances which will give new ideas to many mechanics, 
the superintendent down to tne man at the bench. It will be found a valuable addi^ 
any machinist's library, and should be consulted whenever a new or difficiilt job is 1 
done, whether it is boring, milling, turning, or planing, as they are all treated in a prai 
manner. Fifth edition. 320 pages. 250 illustrations. Price | 

Modern Maehlne-Shop Construction, Equipment and Management. 

Oscar E. Perrigo. 

The only work published that describes the Modem Shop or Manufacturing Plant froi 
time the Rr.iK8 is (ErowinK on the sito intended for it until the finished product is shipped. 
the book neeiied by those contemplating the erection of modem shop buildings, the rebui 
and reorganization of old ones, or the introduction of Modem Shop Methods, time anc 
systems. It is a hook written and illustrated by u practical shop man for practical shoi 
who are too busy to read theorioH and want facts. It is the most complete all-round be 
its kind ever published. Sorond Edition, lievi.sed. '.iSA lance quarto pages. 219 oricnia 
specially made illustrations. 2nd Revised and Enlarged Edition.* Price 1 



MANUAL TRAINING 

Economics of Manual Training. By Louis Rouillion. 

The only book publi.9hed that gives juat W\e vtvlotttvftXAou w«^^ hv all interested in M 

Training, rmardinn Buildings, E(\u'\pmeT\t, Rt\c\ ^MVVi^Nft?^. ^w«%^tiarjCc:j ^Va^. ia n 

for nil fcrmlcit of the work from the KmAerRatleTv \o V^ A\\^ wA^wcsa\ "^tet^s^. 

itomizofi lifitH of everything iwed m ^'^»ltvua\ TTa\n\Ti^7?OTV wv^ \i^ \^\. ^^^ 

S^t. Also shows where to buy suppVvca, eU. Cotv\.^xtv% VT\ ^*«s«^, *»A\». \xScs ^ 

^^coad edition. Price 



CA r.\ i.oc i: !■; ok cood, i>i; acimca i- hooks 



MARINE ENGINEERING 

^ ■ ■ ™ I 111- ■ ■-■■■ I — ■ » I ^^^^^» 

r Naval Architect's and Shipbuilder's Pocket Book of Formulae, Rule: 
and Tables and Marine Engineer's and Surveyor's Handy Book ( 
Keference. By Clement Mackrow and Lloyd Woollard. 

i The eleventh Hevifled and Enlarged Eklition of this most comprehensive work has just h4-< 

t issued. It is absolutely indispensable to all engaged in the Shipbuilding Industry, as it co 

denses into a compact form all data and formulae that are ordinarily required. The book 

completely up to date, including among other subjects a section on Aeronautics. 7oO pagi 

limp leather binding. Price $5*00 Hi 



tine Engines and Boilers: Their Design and Construction. By Du. C 

Bauek, Leslie S. Robertson and S. Bryan Donkin. 

In the words of Dr. Bauer, the present work owes its origin to an oft felt want of a cqndonst 
treatise embodying the theoretical and practical rules used in designing marine onpiiu's* ai 
boilers. The need of such a work has been felt by most engineers engaged in the con.strurti( 
auid working of marine engines, not only by the younger men, but also by tho«c of greater < 
pcrioncc. The fact that the original Gorman work was written by the chief engineer of t\ 
famous Vulcan Works. Stettin, is in itself a guarantee that this book is in all respects tho 
oughly up-to-flate, and that it embodies all the information which is necessary for the de-»i.t. 
and construction of the highest types of marine engines and boilers. It may be said that tl 
motive power which Dr. Bauer has placed in the fast (Jerman liners that have been turn«xl 01 
of late years from the Stettin Works represent the very best practice in marine engineering 
the present day. The work is clearly written, thoroughly systematic, theoretically .souih 
ivhile tlie character of the plans, drawings, tables, and statistics is without reproach. Tl 
illustrations are careful reproductions from actual working drawings, with some well- execute 
photographic views of completed engines and boilers. 744 pages, 550 illustrations and nun 
eroua tables. Cloth. Price $9.00 nc 



MINING 

I Deposits, with a Chapter on Hints to Prospectors. By J. P. Johnson. 

This book gives a condensed account of the ore deposits at present known in South Afric 
It is also intended as a guide to the prospector. Only an elementary knowledge of geolot 
and some mining experience are necessar^r in order to understand this work. With the: 
qualifications, it will materially assist one in his search for metalliferous mineral occurreno 
and« so far as simple ores are concerned, should enable one to form some idea of the poK« 
bilitieB of any he may find. Illustrated. Cloth. Price $;3.C 

petteal Coal Mining. By T. H. Cockin. 

An important work, containing 428 pages and 21.3 illustrations* complete with practical detail 
iHiich will intuitively impart to the reader not only a general knowledge of the prineipl 
I of coal mining, but also considerable insight into allied subjects. The treatise i.s positive 
a]>-to-<iate in every instance, and should be in the hands of every colliery engineer, geolopi« 
mine operator, superintendent, foreman, and all others who are interested in or eonnecte<l wii 
the industry. 3d Edition. Cloth. Price $:2.5 



Irics and Chemistry of Mining. By T. H. Btrom. 

A practical work for the use of all preparing for examinations in mining or qualifying f< 
oolliery managers' certificates. The aim of the author iu iVvva <iTWi«\\«Tk\. Vi^viV. v?. \«2» \»Va5;«?. ^v^w 
before the remJer useful and authoritative data wW\cV\ vrvW xcnAw \v\vcv N^3\^\■a!c^^ \v*^'?.\^s.vv^ 
hie studies. The only work of its kind pubWshed. T\\c m^ornvaWow 'vcv^Vj^V^^^^*^;^^^ 
«roKe 0/ the greatest practical utility to stvidenta, mKum* <i^«av«iT^. ^^'^'^^^T^^^^^ 
all others who are specially intercstcKl in the preaenVdav \TC\iUtvccv\. c!l vxxviwxv^?, \>^^ 
PMges, ilIuBtrated. Price . 
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PATTERN MAKING 



Practical Pattern Making. By F. \V. Bakrows. 

Thin book, now in its .qpcond f>(lition, ia a comprehensive and entirely pmctical treatise 01 
subject o( pattern mnkinK. illuntrutinK pattern work in both wood and metal, and with del 
instruotioHH on tho use of pluffter of paris in the trade. It ffives speeifie and detailed dm 
tioiiK of th(> niutoriulri ud<tl by pattern makers, and describes the tools* both those fol 
bench and the niorf? intereHtiuR maehine tools, having eomplete chapters on the Lathe, 
C'iroulur Saw. and the Bund 8aw. It xives many exanmles of pattern work, each one : 
illuHtrattni ami (explained with much detail. These exammes, in their great variety, offer 1 
tliat will bf.' ftMind of iiit<Teiit to all pattern makers, and especially to the younger ones. 
an.> MH'king inforniatiun ou the more advanced branches of their trade. 
In thij» 8e(>ond (nlition of the work will be found much that is new, even to those who 
lunic pmrti&(><i thi.s cxactinK trade. In the description of patterns as adapted to the Mou 
Machine tiiuny dithcultics which have long prevented the rapid and economical product! 
coAtinKs are ovcrrome; and this great, new branch of tho^ trade is given much space, i 
pinK plate and .stool plate work and the less expensive vibrator, or rappinc pUtte worii 
all cxplaiiK^i in detad. 

Plain, cver>'-<iay rules for lessening the cost of nat terns, with « eomplete ssrstem of 
keeping, n detailed method of marking, api>Iicabie to all branches of the trade, with 
plcto inforniaiion showing what the pattern is, its specific title, its cost, date of prodiM 
material of which it \» made, the number of pieces and eore-boxes, and its location ii 
pat tern pafc, all condensed into a most complete card record, with cross index. 
The b(K)k cIohch with an oriicinal and practical method for the inventory and valuatii 
patterns. Containing nearly 350 pages and 170 illustrations. IMce || 

PERFUMERY 



Perfumes and Cosmetics: Their Preparation and Manufacture. By G. 

.tVsKiNsox, Perfumer. 

A comprchciiHivc trf>atiHe, in which there has l)een nothing omitted that could Iw of « 
to the pi-rfunicr ur manufacturer of toilet preparations. Complete directions for n^ 
Iiandkcn-hicf ]v(>rfuiiii>;4, Hniclling-halts, Michotii. fumigating pastilles: preparations for 
care of the skin, the mouth, the hair, cohmcticH, hair dyes and other toilet articles arrfi 
al:«o a detailed dcM'ription of aromatic i«ul>Htancc8; their nature, tests of purity, and «] 
Home nmnufai ture, including a chapter on t>ynthetic products, with formulas for their 
A book of general as well as jtrofcKsional interest, mei>ting the wants not only of the ^ 
gist and perfume manufacturer, but al^o of the general public.^ Among the contents 
1. The I^i^^t^»^y of IVrfumcry. 2. About Aromatic Sulwtances in General. 3. Odon I 
the Vegetable Kingdom. 4. The Aromatic Vegetable Substances Employed in Perfun 
."». The Animal Substaiu'cn Uswl in Perfumery. (J. The Chemical Products Uaed in Perfua 
7. The Kxtraetinn of Odors. 8. The Si)ecial Characteristics of Aromatic Substances. 9. 
.\dulteration of M.sHcntial Oils and Their Recognition. 10. Synthetic Products. 11-1 
iif I'hvrtieal I'roptTties of Aromatic Chemicals. 12. The Essencra or Extracts Kmpl 
in rertuiiiery. i:{. I)ire<-tions for Making the Most Important Esscnceii and Exti 
14. The Division of I'erfunier>*. l/>. The Slanufacture of Handkerchief Perfumes. 16- 
iriular> for Han<lkerchief PerfumcH. 17. Ammoniacal and Acid Perfumes. 18. Dry 
fumes. 10. riirniula.>< for Dry Perfumes. 20. The Perfumes Used for Fumigation. 21 
ti.H'ptic and Thernpe\itic Value of IN-rfume.-^. 22. Claiwification of Odors. 23. Some i?i 
JN'rMiniery PumIucIh. 21. Hygiene and Co.«»metic Perfumery. 25. Preparations for the 
i»f the Skin. 2(i. Manufacture of Ca.M'in. 27. Fonnulas for Emulsions. 28. Fomuh 
Cream, li'.t. lM)ririulMt< f(ir .MealM, ]*aste.-» and Vegetable Milk. 30. Preparations Vte 
the ll.-iii. :;i. Kdrniuias for Hair Tonics and Hevtorers. 32. Pomadoa and Hair 
'.i:\. I'ririnulas fr»r the Mainifaeture of Pomade- and Hair Oils. 34. Hair Dyes and D 
forie.-'. .')."». Wnx Pomade.s, Han«loIines and Brillirntines. 30. Skin Coranetir* 
Pare l.otjnii-.. .'{7. Prep:iiritii,n-5 f<jr tlie Nail.s. :is. Water Softeners and Bath Salts. 
Pieparatioii." inr tin- Care of the Month. 40. The Colors I'sed in Perfumery. 41. The' 
!-iIs V.xcfl in (lie Toilii Fourth edition, nnich enlarv(*d and brought up to date. ^ 
100 patrc^, illu.-tratcil. Price ^ 

WHAT IS .^AID or TIII.^ BOOK: 

"The nio:,t sativfiictory work itu t>ie .•.ulijiM't of Pj'rfumery that we have over Men." 

" \Vi' fif'l Kife in s:iyinK that lieie is a hook on Perfumery that will not disappoint yo 

it h:if, jir:irtir:il and cxeclU-nt ft^rnmV'.e \\v,\\ vxre within your ability to prepare rradil^. ' 

'* Wf nuttniinrtnl the vuliime as won\\y lA ootv\\iV'u<;i*, xv\\<^ wscs vVwiLt no Durchaiwr mil h 

:tl>tKtiittftl iu .securinK from its vanes »t<>«»*^ vaXxv \v^t v^^s v^v-^A, twTv^^VMt^fl^xSAswA.^Bitbei 

avrn if Jw tyhould us>e but omr i)cr ceut. \A w^ viotV:\\vA^wu\\3\«i.— P>«»'mnc«ul\wa.%««4.. 
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PLLMBING 

BchanlGal Drawing for Plumbers, l^y R. M. Starbuck. 

A conciae, romprehcrmive and pructical treatise on the subject of mechanical (IrnwinK iii 
various modem applications to the work of all who are in any wav connect<><l with the pluri 
ing trade. NothmR will so help the plumb<>r in estimating anu in explaininu woik lo v\ 
tomers and workmen as a kuowledxe of drawing, and to the workman it is of iIu>^tiIIlal 
value if he is to rise above his position to iKwitions of greater resiMnsibility. Aniont; t 
chapt4*r8 contained are: 1. Value to plumber of kuowledge of drawinjE: tools required a 
their tuej common vicw^s needed in mechanical drawing. 2. Persi)ective vcr.su.s nuM'hanii 
drawing in showing plumbing construction. 3. Cl'orrect and incorrect nietho<ls in pluinbi 
drawing; plan and elevation explained. 4. Floor and cellar plans and elevation; net 
drawings; use of triangles. 5. Use of triangles, drawing of fittings, trupn. etc (>. Dr.iv\i 
plumbing elevations and fittings. 7. Instructions in drawing plumbing elevations. N. T 
drawing of plumbing fixtures; scale drawings. 0. Drawings of fixtures and fittiiiK>'- 10. In 
ins of drawings. 11. Shading of drawings. 12. Shading of drawings. 13. Sectional drawiiif 
drawing of threads.* 14. Plumbing elevations from architect's plan. 15. Elevations of sr-i 
rate parts of the plumbing system. 10. Klevations from the architect's plans. 17. Drawin 
of detail plumbing connections. IS. Archit<>ct's plans and plumbing elevations of resident 
19. Plumbing elevations of residence (coruinunJ); plumbing plans for cottage. 20. Pluiiihi 
elevations; roof connectiotis. 21. Plans and plumbing elevations for fix-flat buildinu. : 
Drawing of various parts of the plumbing s>'Htem; use of scales. 23. Use of nrehiteet's M-ali 
24. Special features in the illustrations of country plumbing. 2.5. Drawing of wrouuht-ii 

?iping, valves, radiators, coils, etc. 20. Drawing of piping to illustrate heating sy^teIl 
50 illustrations. Price ^1,{ 



dcm Plumbing Illustrated. By R. M. Staubuck. 

This book represents the highest standard of plumbing work. It lias been adopted and us 
as a reference book by the I'nited Stat<'s (lovernment in its sanitary work in C'lilta. Poi 
Rico and the Philippines, and by the principal Boards of Health of the I'nited ^^tates ai 
Canada. 

It gives connections, sizes and working data for all fixtun's and grouiis of fixtun s Ii is \u\ 
ful to the master plumber in demonstrating to his customers and in figuring; work. It in'w 
the mechanic and student quiek and easy access to the best moclern plunihine practici-. Sn 
iceations for etttimating plumbing coiLstniction arc eontaiuecl in its pages. This book rept 
aentfl, in a word, the latest and best u|>-to-<late pnictice and should be in the hands of e\e 
architect, sanitary engineer and plumber who wishes to keep himself up to the niimitc i 
this important feature of construction. Contains following cniipters. each illu.»«trated witli 
full-page plate: Kitchen sink, laun<lry tubs, vegetable wash snik; lavatoiie>. iianiry .^inli 
contents of marble slab.<; bath tub, foot and sitz bath, shower bath; water elo.<^it>. viMitii 
of water closets; low-<lown water closets, water closets oi>erated by flush valve.-, water elr»s 
range; slop sink, urinals, the bidet; hotel and rcstaunint sink, grease trap; refriLMratoi 
safe wastes, laundry wjiste, lines of rcfriKcrators. bar sinks, soda fountain sinks; liorx- sta 
frost-proof water closet*; connections for S trajw, venting: connections for «lrurn trai 
aoil-pipe connection.^; supporting of soil pijM*; main trap and fn-sh-air inlet; floor chains ai 
cellar drains, subsoil drainage: water ch>«ets and floor connections; local vent inj;: conneetio 
for bath rooms; connections for bath room.«», roiitinnni; examples of poor j)r:i( f ire; rouiJiliii 
work ready for t^st; testing of plumbing systems; methotl of continuous vent inf roniirnK" 
venting for two-floor work; continuous venting for two lines of lixtun'r^ on tlm-e or nio 
floors; eontinuou-t venting of water closets; plumbing for cottage hou.«*e: eon.-ini<tion f' 
cellar piping; plumbing for residence, use of special fittings: plumbimr for two-flai liou- 
plumbing for apartment building, plumbing for double apartment buildimr; plumbinji f 
office buildine; plumbing for public toilet rooms; plumbing for puhlie toil«>t ri>(iinc. '•<' 
tinned: plumbing for bath est.-iblishment; plumbine for engine house. fa«ti>iy ]luiid»in 
automatic flushing for schools, factories, etc.; use of flushing valves: urinals for piiMic toil 
rooms: the Durham system, the destru''tion of pipes by electrolysis; constnK'tion of woi 
without urte of lead; automatic sewaire lift: automatic sump tank; eounfry j)hnnbin 
construction of cesspools; septic tank and automatic sewage siphon: watiT supply f< 
country house; thawing of water mains and service by electricity; double boi't-r^; h< 
water sujjply of large buildine**; automatic cox\tr<A of l\v\t-v.'at.oT lvu\k\ vvv\rv*-*vv<csvv>. <L 
etttimatitiK plumbing construction. AU? oet-.wo v'■^«.'k^^, \v\V; >Ns,\vA\\\\vA Vs. '"v ^^^^-l 
engmvimfis. Third, revised and cnlargei\ iiVmou, \\\sV WwoA. VxVv • • 
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Standard Practical Plumbing. By R. M. Stakbuck. 

A complete practical treatise of 450 pages, covering the subject of Modem Plumbing in all its 
branches, a large amount of space being devoted to a very complete and practical treatment ol 
the subject of Hot Water Supply and Circulation and Range Boiler Work. Its thirty chapter) 
include about every phase of the subject one can think of, making it an indispensable work to 
the master plumber, the journeyman plumber, and the apprentice plumber, containing chap 
ters on: the plumber's tools; wiping solder; composition and use; joint wiping; lead work; 
traps; siphonage of traps; venting; continuous venting; house sewer and sewer connections; 
house drain; soil piping, roughing; main trap and fresh air inlet; floor, yard, cellar drains, 
rain leaders, etc. I fixture wastes; water closets; ventilation; improved plumbing connections; 
residence plumbing; plumbing for hotels, schools, factories, stables, etc.; modem country 
plumbing; filtration of sewage and water supply; hot and cold supply; range boilers; circular 
tion; circulating pipes; range boiler problems; hot water for large buildings; water lift and 
its use; multiple connections for hot water boilers; heating of radiation by supp^ sjrste^; 
theory for the plumber; drawing for the plumber. Fully illustrated by 347 engravings. 
Price $3.06 

RECIPE BOOK 



lenley's Twentieth Century Boole of Recipes, Formulas and Processes. 

Edited by Gardner D. Hiscox. 

The most valuable Techno-chemical Formula Book published, including over 10,000 selected 
scientific, chemical, technological, and practical recipes and processes. 

This is the most complete Book of Formulas ever published, giving thousands of recipes for 
the manufacture of valuable articles for everyday use. Hints, Helps, Practical Ideas, and 
Secret Processes are revealed within its pages. It covers every branch of the useful arts and 
tells thousands of ways of making money, and is just the book everyone should have at his 
command. 

Modern in its treatment of every subject that properly falls within its scope, the book may 
truthfully be said to present the very latest formulas to be found in the arts and industries, 
and to retain those processes which long experience has proven worthy of a permanent record. 
To present here even a limited number of the subjects which find a place in this valuable work 
would be difficult. Suffice to say that in its pages will be found matter of intense inters and 
immeasurably practical value to the scientific amateur and to him who wishes to obtain a 
knowledge of the many processes used in the arts, trades and manufacture, a knowledge 
which will render his pursuits more instructive and remunerative. Serving as a 
reference book to the small and large manufacturer and supplying intelligent seekers with tiie 
information necessary to conduct a process, the work will be found of inestimable wartii ii 
the Metallurgist, the Photographer, the Perfumer, the Painter, the Manufacturer of Glues, 
Pastes, CenSents, and Mucilages, the Compounder of Alloys, the Cook, the Physician, the 
Druggist, the Electrician, the Brewer, the Engineer, the Foundryinan, the Machinist, the 
Potter, the Tanner, the Confectioner, the Chiropodist, the Manicurist, the Manufacturer of 
Chemical Novelties and Toilet Preparations, the Dyer, the Electroplater, the Enameler, the 
Engraver, the Provisioner, the Glass Worker, the Goldbeater, the Watchmaker, the Jeweler, 
the Hat Maker, the Ink Manufacturer, the Optician, the Farmer, the Dairyman, the Paper 
Maker, the Wood and Metal Worker, the Chandler and Soap Maker, the Veterinary Surgeon, 
and the Technologist in general. 

A mine of information, and up-to-date in every respect. A book which will prove of value 
to EVERYONE, as it covers every branch of the Useful Arts. Every home needs this book; 
every office, every factory, every store, every public and private enterprise — ^EVERYWHERE 
— should have a copy. 800 pages. Price f3«6i 

WHAT IS SAID OF THIS BOOK: 

"Your Twentieth Century Book of Recipes, Formulas, and Processes duly received. I am 
glad to have a copy of it, and if I could not replace it, money couldn't buy it. It is the best 
thing of the sort I ever saw." (Signed) M. E. Trux, Sparta, Wis. 

" There are few persons who would not be able to find in the book some single formula that 
would repay several times the cost of the book." — Merchants' Record and Show Window. 

** I purchased your book, ' Henley's Twentieth Century Book of Recipes, Formulas and Proc- 
esses,' about a year ago and it is worth its weight in gold." — ^Wm. H. Mubrat, Bennington, Vt 

"ONE OF THE WORLD'S MOST USEFUL BOOKS" ^ 

"Some time ago I got one of your 'Twentieth Century Books of Formulas,* and have made 

my Jiving from it ever since. I am alone since my husband's death with two small children 

io care for and am trying so hard to support \\ictiv. 1 bsive customers who take from me 

Toilet Articles I put up, following directions ©vciv Vr t\ift\iooV, «.iA \\a.N^ V^\»id everyone Oi 

them to beiSne."-— Mbs. J. H. McMAXENtWeatToXedo^OVjao. 



CATAL()(MM: of (lOOI). PK AC'IMCA L HooK^ 

fe— - : _ _ _. 

I RUBBER 

kcr Hand Stamps and the Manipulation of India Rubber. By 
f 0*Ck)NOR Sloane. 

[ Tl&is book gives full details on all points, treating in a concise and simple manner the clcme] 

: 4ai nearly everything it is necessary to understand for a commencement in any branch of 1 

India Rubber Manufacture. The making of all kinds of Rubber Hand StanipH. Small Artie 

of India Rubber, U. 8. Government Composition, Dating Hand Stamm, the Manipulation 

Sheet Rubber, Toy Balloons, India Rubber Solutions, Cements, Blackings. Rrnovatii 

Vaimish, and Treatment for India Rubber Shoes, etc.; the Hcktograph Stamp Inks, and M 

oellaneous Notes, with a Short Account of the Discovery, Collection and Manufarturo of In* 

Rubber, are set forth in a manner designed to be readily understood, the explanatiunb boi 

[ pl&in and simple. Including a chapter on Rubber Tire Makinf^ and Vuloanizing; also 

' chapter on the uses of rubber in Surgery and Dentistry. 3rd Revised and Enlarged Editic 

175 pages. Illustrated ^]^.i 

SAWS 



J FUliig And Management of Saws. By Robert Grimshaw. 

A practical hand-book on filing, gumming, swaging, hammering, and the brazing of ba 
sawB. the speed, work, and power to run circular saws, etc. A handy book for thono who ha 
charge of saws, or for those mechanics who do their own filing, as it deals with the pro{ 
afaape and pitches of saw teeth of all kinds and gives many useful hints and ruIcH for gumiDii 
setting, and filing, and is a practical aid to those who use saws for any piirpo.so. Coniph 
tables of proper shape, pitch, and saw teeth as well as sises and number of teeth of vario 
saws are included. 3rd Edition, Revised and Enlarged. Illustrated. Price ^|^j 



STEAM ENGINEERING 



ko Stationary Engineering. By W. £. Crane. 

This book begins at the boiler room and takes in the whole power plant. A plain talk 
every-<iay work about engines, boilers, and their accessories. It is not intended to be i*c'u 
tifio or mathematical. All formulas are in simple form so that any one understanding ph 
arithmetic can readily understand any of them. The author has made this the most practii 
book in print: has given the results of his years of experience, and has included about all tl 
has to do with an engine room or a power plant. You are not left to guf^ss at a single poii 
You are shown clearly what to expect under the various conditions; how to secure the b< 
results: ways of preventing "shut downs" and repairs; in short, all that goes to make up t 
requirements of a good engineer, capable of taking charge of a plant. It's plain enough I 
practical men and yet of value to those high in the profession. 

A partial list of contents is: The boiler room, cleaning boilers, firing, feeding; pumps. insp< 
tion and repair; chimneys, sizes and cost; piping; mason work; foundations; testing comei 
pile driving; engines, slow and high speed; valves: valve setting; Corliss engines, sotti 
valves, single and double eccentric; air pumps and condensers; different types of condt 
■ers; water needed; lining up; pounds; pins not sauare in crosshcad or crank; enginee 
tools; pistons and piston rings; bearing metal; hardened copper; drip pipes from eylint 
jacket; belts, how made, care of; oils; greases; testing luoricants; rules an! tables, : 
duding steam tables; areas of segments; squares and square roots; cubes and cube ro* 
areas and circumferences of circles. Notes on: Brick work* explosions; pumps; pur 
Talves; heaters, economiaers; safety valves; lap. lead, and clearance. Has a comi)let<' < 
animation for a license, etc., etc. 3ra Edition. 345 pages, illustrated. Price . . . . $^,l 

bepower Cliart. 

Sbowa the horsepower of any stationary engine w\t\vout ci«\cvA«.\Xatv. "^^ "^^"^"^^^ "^i^^ 
cylinder diameter of Btroke. the steam pressure ol c\x\,-ott, \\\«s ^^^^V^^'^*^^'^,'^^ ,^ ,^ 
denBingor non-condenstinR, it's all there. Easy to uae. ulccmtoXa, w\0. «»n^* ^^^^^^ ^^ _j> 
tMoas. EspeniaJly useful to engineers and desiKneni. "Pxic© * 



36 THE NORMAN W. HENLEY PUBLISHING CO. 

Modern Steam Engineering in Tlieory and Practice. By Gardner : 
Hiscox. 

This is a complete and practical work issued for Stationary Engineers and Firemenj deal 
with the care and management of boilers, engines, pumps, superheated steam, refrigerat 
machinery, dynamos, motors, elevators, air compressors, and all other branches with wh 
the modern engineer must be familiar. Nearly 200 questions with their answers on ste 
and electrical engineering, likely to be asked by the Examining Board, are included. 
Among the chapters are: Historical: steam and its properties; appliances for the generat 
of steam; types of boilers; chimney and its work; heat economy of the fe^ water; ste 
pumps and their work; incrustation and its work; steam above atmospheric pressure; fl 
of steam from nozzles; superheated steam and its work; adiabatic expansion of steam; in 
cator and its work; steam engine proportions; slide valve engines and valve motion; Cor 
engine and its valve gear; compound engine and its theory; triple and multiple expans 
engine; steam turbine; refrigeration; elevators and their management; cost of power; ste 
engine troubles; electric power and electric plants. 4S7 pages, 405 engravings. 3rd Editi 
Price |3, 

Steam Engine Catecliism. By Robert Grimshaw. 

This unique volume of 413 pages is not only a catechism on the question and answer princ^ 
but it contains formulas and worked-out answers for all the Steam problems that appertain 
operation and management of the Steam Engine. Illustrations of various valves and va 
gear with their principles of operation are given. Thirty-four Tables that arc indispeon 
to every engineer and fireman that wishes to be progressive and is ambitious to become maa 
of his calling are within its pages. It is a most valuable instructor in the service of Ste 
Engineering. Leading engineers have recommended it as a valuable educator for the beg 
ner as well as a reference book for the engineer. It is thoroughly indexed for every deti 
Every essential question on the Steam Engine with its answer is contained in this valtta 
work. 16th Edition. Price ^, 

Steam Engineer's Aritlimetic. By Colvin-Cheney. 

A practical pocket-book for the steam engineer. Shows how to work the problems of i 
engine room and shows "why." Tells how to figure horsepower of engines and boilers; a: 
of boilers; has tables of areas and circumferences; steam tables; has a dictionary of engineer 
terms. Puts you on to all of the little kinks in figuring whatever there is to figure arouiM 
power plant. Tells you about the heat unit; absolute zero; adiabatic expansion; duty 
engines; factor of safety; and a thousand and one other things;^ and everything is plain fl 
simple — not the hardest way to figure, but the easiest. 2nd Edition. Price . . 50 CGH 



Engine Tests and Boiler Efficiencies. By J. Buchetti. 

This work fully describes and illustrateis the method of testing the power of steam engin 
turbines and explosive motors. The properties of steam and the evaporative power of fu< 
Combustion of fuel and chimney draft; with formulas explained or practicfuly comput 
255 pages, 179 illustrations. Price ^, 

Engine Runner's Catecliism. By Robert Grimshaw. 

A practical treatise for the stationary engineer, telling how to erect, adjust, and run 
principal steam engines in use in the United States. Describing the principal features of vi 
ous special and well-known makes of engines: Temper Cut-oflf, Shipping and Receiving Foui> 
tions, Erecting and Starting, Valve Setting, Care and Use, Emergencies, Erecting and J 
justing Special Engines. 

The questions asked throughout the catechism are plain and to the point, and the ans^ 
are given in such simple language as to be readily understood by anyone. All the instructi 
given are complete and up-to-date; and they are written in a popular style, without J 
technicalities or mathematical formulae. The work is of a handy size for the pocket, cl« 
and well printed, nicely bound, and profusely illustrated. 

To young engineers this catechism will be of great value, especially to those who may 

preparing to go forward to be examined for certificates of competency; and to engine 

fironerally it will he of no little service, aa Wvey vjWV ^wd in this volume more really pract 

and uspful information than is to be iouud auvwWtc; ^iVea rnVJciva. «.\ftMi <»svcL^«j3a. 387 pai 

nil Edition. Price ^ 



CATALOGUE OF GOOD, PRACTTCAL BOO K S .I 

STEAM HEATING AND VENTILATION 

^ad Steam, Hot-Water Heating and Ventilation. By A. G. KiN(i. 

This book is the standard and latest work published on the subject and hua hocii prcparfMl f< 
the use of all engaiiced in the business of steam, hot-water heating, and vontilutiun. It is :i 
original and exhaustive work. Tells how to get heating contracts, how to int«tall tieutiiig ui 
ventilating apparatus, the best business methods to be used, with "Tricks of the Trade" f< 
shop use. Rules and data for estimating radiation and cost and such tables and informati< 
aa make it an indispensable work for everyone interested in steam, hot-water hotitiuK. ai 
ventilation. It describes all the principal systems of steam, hot-water, vacuum, vapor, ar 
vacuum-vapor heating, together with tlie new accelerated systems of hot-water circuhitio 
including chapters on iip-to-date methods of ventilation and the fan or blower systciu of hea 
ing and ventilation. Containing chapters on: I. Introduction. II. Heat. III. Kvohitii 
of artificial heating apparatus. IV. Boiler surface and settings. V. The ehiinnr-y fhi 
VI. Pipe and fittinip. VII. Valves, various kinds. VIII. Forms of radiating .surface's. 12 
Looiting of radiatmg surfaces. X. Estimating radiation. XI. Steam-heating apparatn 
XII. Exhaust-steam heating. XIII. Hot-water heating. XIV. Pressure svHtems of hot- wat 
work. XV. Hot-water appliances. XVI. Greenhouse heating. XVII. Vacuum vapor ar 
vacuum exhaust heating. XVIII. Miscellaneous heating. XIX. Radiator and pipe conne 
tiona. XX. Ventilation. XXI. Mechanical ventilation and hot-blast heatiiiK- X.\l 
Steam appliances. XXIII. District heating. XXIV. Pipe and boiler covering. XXV. Tei, 
uerature regulation and heat control. XXVI. Business methods. XXVII. Mihi(*ellarie(>ii 
XXVIII. Rules, tables, and useful information. 307 pages, 300 detailed engravings. L'l 
Edition — Revised. Price ^,(] 



B Hundred Plain Answers to Direct Questions on Steam, Hot-Watei 
Vapor and Vacuum Heating Practice. By Alfred G. Kinc;. 

This work, just off the press, is arranged in question and answer form: it i^il intended as 
guide and text-book for the younger, inexi)erienced fitter and as a refermcc book for r 
fitters. This book tells "how" and also tells "why". No work of its kind has vvor l>c( 
published. It answers all the qu€>stionrt regarding each method or system that would I 
asked by the st^im fitter or heatmg contractor, and may be used as a text or rcferonce boo 
and for examination qucstiouH by Trade Schools or Steam Fitters' Associations. Kulcs, clat 
tables and descriptive methods arc given, together with much other detailed information 
daily practic^il use to those eugagctl in or interested in the various methods of heating- Vn 
uable to those preparing for exaiuinutions. Answers every question asked rolatinK to model 
Steam, Hot-Water, Vapor and Vacuum Heating. Among the contents are: The Theory ai 
Laws of Heat. Methods of Heating. Chimneys and Flues. Boilers for Heating. Hoil 
Trimmingr and Settings. Radiation. Steam Heating. Boiler, Radiator and I'ipe Conne 
lions for Steam Heating. Hot Water Heating. The Two-Pipe Gravity System of Hot Wat 
Heating. The Circuit System of Hot Water Heating. The Overheua Sy.st»-m of Hot Wat 
Heating. Boiler, Radiator and Pij)e Connections for Gravity Systems of Hot Water Ilea 
ing. Accelerated Hot Water Heatmg. KxpanHion Tank Connections. I)om<>«tic Hot Wat' 
Heating. Valves and Air Valves. Vacuum Var)or and Vacuo- Vapor Heating. Meehanic; 
Systems of Vacuum Heating. Non-Meehaniral Vacuum Systems. Vapor Systenus. Atmo 
pneric and Modulatinf^ Systems. Heating Greenhouses. Information, Ruh's and Tabic 
200 pages, 127 illustrations. Octavo. Cloth. Price $1.5 



STEEL 

rdenlnfc, Tempering:, Annealing, and Forging: of Steel. By J. V. Wodi 

WORTH. 

A new work treating in a clear, conci.se manner all modern processes for the heatine. annei 

ing. forging, welding, hardening and tenip<'ring of steel, making it a book of vireat. ^iruetu 

value to the metal-working meehanic in genera\, v.\\\\ ^vw'XoX ^w<><jnI\«v\v^ Vn\ "^Vv ^wv^vv 

hardening and tempermg of all steel tools used \n Wvvs tXTV.ft,\nc\>\^VTvvLm\\\\w'iL vxwvvv^ A xv^ a\ 

dietf reamers, both Rolui and shell. hoUow m\\\ft, vviTvvVvw iwvei v\\v?*, vvxA ^^^^.^^'^T^A 

!?Zl n^^'^'^T'^ tooLs. shear blades, saws, ftne cMtVery, «lw\ tcvo^^WvVVxv.>=^ ^v^v^^^^^^^ 

ana most safwfactory Ijardening and tcnipcrmR pxocesAca wo. wn«\^- 
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The uses to which the leading brands of steel may be adapted are concisely presented, 
their treatment for working under diflferent conditions explained, also the special methc 
for the hardening and tempering of special brands. 

A chapter devoted to the different processes for case-hardening is also included, and spc 
reference made to the adaptation of machinery steel for tools of various kinds. Fourth 
tion. 288 pages. 201 illustrations. Price ^, 



eel: Its Selection, AnneaUng, Hardening, and Tempering. By E. 

Markham. 

This work was formerly known as "The American Steel Worker," but on the publicatloBJ 
of the new, revised edition, the publishers deemed it advisable to change its title to a 
suitable one. It is the standard work on Hardening, Tempering, and Annealing Steel of all T 
This book tells how to select, and how to work, temper, harden, and anneal steel for evorjl^^ 
thing on earth. It doesn't tell how to temper one class of tools and then leave the treati 
of another kind of tool to your imagination and judgment, but it gives careful instructioni] 
for every detail of every tool, whether it be a tap, a reamer or just a screw-driver. It tdb i 
about the tempering of small watch springs, the hardening of cutlery, and the annealing of 
dies. In fact, there isn't a thing that a steel worker would want to know that isn't included. 
It is the standard book on selecting, hardening and tempering all grades of steel. Among 
the chapter headings might be mentioned the following subjects: Introduction; the work- 
man; steel; methods of heating; heating tool steel; forging; annealing; hardening baths: 
baths for hardening; hardening steel; dfrawing the temper after hardening; examples of 
hardening; pack hardening; case hardening; spring tempering; making tools of macfaiiM 
steel; special steels; steel for various tools; causes of trouble; high-speed steels, etc. 400 
pages. Very fully illustrated. Fourth edition. Price $!3«50 



TRACTORS 

tie Modem Gas Tractor. By Victor W. Pag6, M.E. 

A complete treatise describing all types and sizes of gasoline, kerosene and oil tractors. Coo* 
siders design and construction exhaustively, gives complete instructions for care, operation 
and repair, outlines all practical applications on the road and in the field. The best and 
latest work on farm tractors and tractor power plants. A work needed by farmers, students, 
blacksmiths, mechanics, salesmen, implement dealers, designers, and engineers. Second edition, 
revised and enlarged. 504 pages. Nearly 300 illustrations and folding plat^. Price S^*99 



TURBINES 

arlne Steam Turbines. By Dr. G. Bauer and O. Lasche. Assisted by 
E. LuDwiG and H. Vogel. 

Translated from the German and edited by M. G. S. Swallow. The book is essentially prac- 
tical and discusses turbines in which the full expansion of steam passes through a number 
of separate. turbines arranged for driving two or more shafts, as in the Parsons system, and 
turbines in which the complete expansion of steam^ from inlet to exhaust pressure occurs in 
a turbine on one shaft, as in the case of the Curtis machines. It will enable a designer to 
carry out all the ordinary calculation necessary for the construction of steam turbines, hence 
it fills a want which is hardly met by larger and more theoretical works. ^ Numerous tables, 
curves and diagrams will be found, which explain with remarkable lucidity the reason why 
turbine blades are designed as they are, the course which steam takes^ through turbines of 
various types, the thermodynamics of steam turbine calculation, the influence of vacuum 
on steam coDsumption of steam turbines, etc. In a vioTd, \Jtife vers vDS.arn\a.tion which a de- 
signerand builder of Bteam turbines most requirea. L.aT«ie oc\a.>Jo,*IV^^^«sa. '^xNcj *^>asJG«.\»^ 
and containing eighteen tables, including an enUopy c^iort.. 'Pfvc^, "o&X. ^ 1^S9 
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WATCH MAKING 

er's Handbook. By Claudius Saunier. 

rk Lssued ran oonipure with ttiiu book for clearness and completeness. It contains 
i{('8 and \^^ intended an a workshop companion for those engaged in watch-makinK and 
noctianical arts. Nearly 250 engravings and fourteen plates are included. This is 
ridard work on watch-making. Price $3.00 



WELDING 



e Welding with the Oxy-Acetylene Flame. By M. Keith Dunham. 

18 in a simple manner apparatus to be used, its care, and how to construct necessary 

luipment. Proceeds then to the actual welding of all automobile parts, in a manner 

tandable by every one. Gives principles never to he forqoUen. Aluminum, cast iron, 

op{>er. brass, bronze, and malleable iron are fully treated, as well as a clear explana- 

the proper manner to burn the carbon out of the combustion head. This book is of 

value, .since the perplexing problems arising when metal is heated to a melting point 

ly explained and the proper methods to overcome them shown. 167 pages, fully illus^ 

I'rice J1,00 



Have us enter your subscription to the best mechan- 
ical magazine on the market. Only one dollar 
a year for tioelve numbers. Subscribe today to 

Everyday Engineerin 

A MONTHLY maj^azine devoted to practical mechanics for everyday 
Its aim is to popularize engineering as a science, teaching the elei 
of applied mechanics and electricity in a straightforward and iinders 
able manner. The magazine maintains its own experimental laboratory ^ 
the devices described in articles submitted to the Editor are first triini oui 
tested before they are published. This important innovation places the stai 
of the published material very high, and it insures accuracy and dependal 

The magazine is the only one in this country that specializes in pra 
model building. Articles in past issuers have given comprehensive design 
many model boats, including submarines and chasers, model steam and gai 
engines, electric motors and generators, etc., etc. This feature is a perm 
one in this magazine. 

Another popular department is that devoted to automobiles and airp 
Care, maintenance, and operation receive full and authoritative treatment, 
article is written from tlie practical, everyday-man, standpoint rather than 
that of the professional. 

Tlie magazine entertains while it instructs. It is a journal of practice 
pendable information given in such a style that it may Ix? readily assim 
and applied by the man with little or no technical training. The aim is to 
before the man who leans toward practical mechanics, a series of concise, 
readable talks on what is going on and how it is done. The.se articles are pro 
illustrated with clear, snappy photographs, specially posed to illustrate the si 
in the magazine's own studio by its own stall of teehnically-trained illu^^ti 
and editors. 

The subscription price of the magazine is one dollar per year of twelve nur 
Sample copy sent on receipt of ten cents. 

Kntor your subscrii)tion to this practical magazine with your bookselh 
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